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ERMAL-DENSITY COEFFICIENTS AND HYDROMETER 
CORRECTION TABLES FOR VEGETABLE TANNING 
EXTRACTS 

By Mary Grace Blair and Elmer L. Peffer 


ABSTRACT 


Densities and thermal expansions have been determined of the vegetable 
ning extracts—quebracho, oak bark, hemlock bark, chestnut, and mangrove 
k—within the range 1.00 to 1.12 specific gravity at 60°/60°F and over the 
mperature range 50° to 100°F. Thermal-density coefficients are presented 
such 8 manner that the density of an extract at any temperature within the 
nge can be calculated if its specific gravity at 60°/60°F or its density at 25° C 
known. The information obtained has been used also in the preparation of 
bes for correcting hydrometer readings at observed temperatures in degrees 
kometer, in degrees Twaddle, and in degrees Baumé to readings at the stan- 
d temperature 60° F. 


CONTENTS 


], Introduction 
Il. Procedure 
II. Reduction of observations 
. Transformation of data to 60° F 
Vy. Calculation of hydrometer corrections 
iI. Applicability and accuracy of the coefficients and derived correction 


I. INTRODUCTION 


In the leather-tanning industry the specific gravity of a tanning 
xtract is used in conjunction with other data accumulated for that 
articular extract to measure the strength of the tannins present. 
bree types of hydrometers with scales based on specific gravity— 
wkometer, Twaddle (also spelled Twaddell), and Baumé—are in 
mmon industrial use. Fach of these hydrometers is standard at 
F. In general, it is impracticable to cool each sample to this 
mperature before observations are made. The much quicker 
tethod of reading the hydrometer at any temperature and applying 
_— to obtain the true value at the standard temperature is 
referred. 

lh view of the extensive use of hydrometers at tanneries, The Ameri- 
tn Leather Chemists Association suggested that the National Bureau 
Standards check the barkometer correction table in most common 
, extend this table, and prepare tables for Twaddle and Baumé 
ydrometers. The Association supplied samples of extracts consid- 
ted to be representative of the chief tanning extracts. The samples 
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included hemlock bark, oak bark, quebracho, chestnut, and Mangroy 
bark (‘‘cutch’’) extracts., Thermal-density coefficients of th 
extracts were determined and are presented in such a manner th 
they may be used to change true specific gravity at 60°/60° F to densit 
or specific gravity at other temperatures. ‘Their application jn 4} 
calculation of hydrometer corrections is also discussed. A table foi 
use in correcting the readings of hydrometers graduated in specif 
gravity units is presented. The values for barkometer, Twaddle, an; 
Baumé scales calculated from these results will be found in taby| 
form in National Bureau of Standards Circular C449, Hydrometg 
Correction Tables and Thermal Density Coefficients for Vegetahj 
Tanning Extracts. 


II. PROCEDURE 


As the tanning extracts are used in various strengths, density 
determinations were made of diluted samples covering the range 9 
the barkometer hydrometer, 0 to 120 degrees barkometer or 1.00 t 
1,12 specific gravity at 60°/60° F. . Water in sufficient amounts, caley 
lated with the original density of the extracts as the basis, was adde 
to known weights of the extracts to produce samples with specif 
gravities of SpEsunimasaly 1.03, 1.06, 1.09, and 1.12. One sampl 
mangrove bark extract, which was es in solid form, was dissolved 
and diluted to the required specific gravity by the aid of th 
hydrometer. 

Diluting the samples caused precipitation of colloidal matter i 
most cases, the amount of precipitation increasing with the extent 
of the dilution. The picnometers were filled while » es finely divided 
solids were still homogeneously mixed with the solution. Thei 
settling to the bottom in subsequent determinations did not produce 
ms apparent irregularities in the data. 

ensities were determined at 10°, 20°, 25°, 30°, and 40° C by the 
picnometer method, that is, by weighing a picnometer of know 
volume filled in a constant temperature bath adjusted to the desired 
temperature. Calculation of density was made with correction fo 
the buoyancy of air.’ 


III. REDUCTION OF OBSERVATIONS 


The rate of change of density with change of temperature wa: 
calculated from the observed densities by the application of the method 
of least squares. 

It is assumed that the expansion of any sample may be represented 
by an equation having the form 


D,=Dz+ar(t—T) + Br(t—T)?+rr(t—T)’, (1) 
in which 
D,=density at any temperature, t 
D,=density at the standard temperature, T 
ar, Br, yr=constant coefficients determined for each 
sample. 


1 More detailed description of the method and the picnometers used may be found in Tech. Pap. B37 
8 (1916) and in Bul. BS 9, 371 (1913) 8197. 
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If the observation equations derived by substitution of the observed 
lues in equation 1 are added, an expression is found for Dy as a 
nection of the mean density [DiJm. Calculation of the constants of 
he density equation has been simplified by the symmetrical selection 
the temperatures of observation. Thus, the relationship of Dr 
[D,Jm becomes 4 
Dz=(Didm—[Cy"] mBr. 


he observation equations may now be written in the form 
Cyar+ CBr+ Cyyr=N. 
ap, Br, and yr are calculated from the normal equations 


CPar+ 1C2Be+ i1Cry7r= C,N 
C,C,a7¢+ C?Br+ C,0y7= CLN 


1Csa¢+ 2C3Brt+ 2 Cs ¥7r= 2 GN, 
O,=t—te (¢,,—=mean temperature) 
O= 0, (Ale ([C;7]m=mean C;”) 
iad | 
N=D,—[Ddm ((Djm=mean D,). 
The various steps in obtaining the constants for ere density 


any temperature in terms of density at 25° C are illustrated by the 
mple calculation, which shows the operation for liquid quebracho 


rtract diluted to rok my age 1.06 g/ml. Table 1 shows computa- 
e 


on of the coefficients to substituted in the normal equations. 
he normal equations become 
500 a5-+ 102500-y2,= — 0.16945 
52500 B.,= — 0.20325 
102500a5-+22812500-y2,= —34.69225 
Dzs= 1.06813 — 100 Bos. 


y solving these equations, the following values of 
a5, Bos, Yas, aNd Dos are obtained: 
Oo, = —0.0003440 
Bo5== —0.00000387 


"Yos= +90.000000025 
Dos= 1.06852. 


These values when substituted in the equation 
D,=Dy+ O25 (t —25) + Bos(t—25)?+ y25(¢—25)*, 


tich is derived from the general equation 1, give the density values 
own in table 2. 
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TasBiLEe 3.—Thermal-density coefficients for tanning eatracts 











Tanning Extract Du oxo5 X108 Bes X10" "ys X10 

ae 
quebracho (from International Products Corporation)_ 1. 19642 —487 —28 +2 
fia... tahaasudiidehasbadnemnansiaesnitiecieiie 1. 12156 —405 —34 +2 
Tie | dpsisieitedieanoulaianadehéaaddednapedpther-aesinne 1.09205 —371 —35 +1 
Tid. |<. smeaibusnnocadiniee ee ehiuabscaninenheaietatpiend 1, 06111 —336 —41 +4 
Pie 5cc0cssbass allele paieh oabhnadeblabieninn Ahabisimesiod 1.03080 —298 —43 +2 
Quebracho (SM Fn donsciibdecnesdkddcccangishesesil 1, 22126 —515 —23 +1 
De. n0n-cscidetendachniledsnvadsnbnnsdebplnaph sis ieneit 1, 12170 —407 —34 +2 
Tih... -nnnsicikiheensciieh sacetdiacnmemadueiaccxcgmetiae 1.09110 —370 —36 +1 
Pi0...nnasdovadecnncdbecdeswapacgaocosenedeninaassbe 1. 06852 —344 —39 +2 
DOicnnccnvnccccnnccncessodscbuccnvcccesesiacsesnees 1, 03101 —300 —43 +3 
Osk bark (from Teas Extract Co.)........---.--------- 1, 23230 —507 —33 +6 
DO. noakisockancddspitevihgdnathueetinebecpuimmduneel 1, 10959 —378 —37 +2 
Dd. bein ccnsacndsdeddibindduebdnascbahtpuecosnsheieaee 1 —349 —40 +3 
DE...i ccocdundenullserhetensdddeabbesaddebabanin 1, 06100 —321 —42 +2 
Dd iiitncccindccbuiibabitindonseeindincanpaibancniontipaainss 1, 03143 — 292 —47 +3 
Hemlock bark (from Teas Extract Co.)...............- 1, 1889 —466 —28 +2 
0. Sols ae dliedineaindnpeocndeoseteammorsons 1. 11899 —389 —36 +5 
D.csniecinondsainshucseddininhshinsdnninnnaaipaccaaaeenline 1 —356 —49 +5 
Db.debnacondstdgebdankeneednaninendesuasbalenbadee 1. 06155 —323 —42 +2 
DOcidiiicn dene bieibien cad eeAdedncsdencsercibanincts 1. 03067 —291 —48 +4 
Chestnut (from Mead Corporation)............-......- 1. 11351 —384 —37 +1 
Dis cncdhbuianentintietncdbhbenadtpAgocenthheenetetl —3651 —40 +2 
Doivadccctcudqubodnceiensemidhatiocdntidebestmineneone 1.07203 —334 —43 +1 
D0.nccnvcocubensctuanhnnrnebenee cediiacapaecepanede 1. 03004 — 296 —45 +3 
Solid Mangrove bark, ‘‘cutch’’......................... 1. 11851 —385 —33 0 
DO cniiinécebctecnebemesininngns Ghbeksntsnenbesnetonct 1, 08104 —349 —39 +4 
DOC. ci...ccdquatideddeddnanbilniiciabbwakbtihecsulinihomme 1, 04903 —308 —43 +1 
TO sii csintesnrcs dite bedtietarhy incense ecient vey wriinls meet 1. 02422 — 288 —45 +3 

















The thermal-density coefficients for each sample calculated accord- 
ing to the above ene are listed in table 3 and are shown graph- 
ically in figure 1. It will be noted that the a values for the various 
extracts are close together. The best straight line fitting all the data 
was determined by the method of least squares. This line is shown 
in figure 1. Equations of the 8 and 7 lines of figure 1 were calcu- 
lated likewise. The lines have the following equations: 


o25=0.0008586 —0.0011184 Dy, (3) 
Bo5== —0.00001421-+-0.00000950 D,,;, 
2s= +0.0000000297 —0.0000000044 D,,; (= +0.000000025 

over the density range of this project).? 


Calculated from equations 3 Calculated from Chappuis’ data 
Oo5== —257 X 107° Qo5= — 257X107 
Bo5= —47 X 1077 Bos= —48X 1077 
Y= +3 X10-* Ys=+3X10 


The equations provide a ready means for obtaining the coefficients 
ts, Bs, and ‘y25 for tanning extracts of any given density within the 
range of observations. Thus, if the density of a tanning extract is 
oe at 25° C, its density at any other temperature may be com- 
puted. 





'The coefficients for water were not included in the derivation of this set of equations. However, Chap- 
jus’ data on water recalculated in the same manner, Bul. BS 9, 401 (1913) $197, agree well with those cal- 
—~ for Dys=0.99708. The values are not strictly comparable, since Chappuis’ values are for air-free 











346 Journal of Research of the National Bureau of Standards 


O QUEBRACHO, LA 
O QUESRAGHO,S.m. 

& Oak BARK 

@ SOLID MANGROVE BARK 
@ WEMLock Bank 

& cHEsTnUT 


4 


100 802 104 1.06 08 = 10 12 1.14 1.16 116 120 6 122- 


DENSITY AT 28°C 
FicurE 1.—Thermal-density coefficients a, B, and y as functions of density. 
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~ IV. TRANSFORMATION OF DATA TO 60° F 


The coefficients given in the preceding section apply a7 § at 25° C. 
However, barkometer, Twaddle, and Baumé hydrometers (the hydrom- 
ders usually momoyed for measuring the densities of tanning ex- 
tacts) are all standardized at 60° F. Consequently, equation 2, 
representing the expansion of the tanning extracts at 25° C, and the 
erresponding coefficients have been transformed in such a way that 
by their use the density at any temperature can be calculated from the 
density at 60° F (15.56° C). When so transformed the equation 


becomes 


D,=Dys,s6+ o%15.56(¢— 15.56) + Bis.se(¢— 15.56)? + Y15.56(¢—15.56)*, (4) 
in which 

015,56 = O25 -+ 2 Bos (15.56 —25) +3-y25(15.56—25)? 

B15.56= Bos+ 3795(15.56 —25) 


115.56 Y25° 


The density at 15.56° may be obtained from density at 25° C by use 
of equation 2. 

Use of the transformed equation 4 is still dependent indirectly 
through the coefficients upon density at 25° C. However, a table of 
rlationships a be set up easily over the desired range between 
density at 25° C; density at 15.56° C (computed from density at 
25°C); and o%45.56, Bis.s6, 20d Yi5.55 (computed from ays, B25, and *y25). 

For calculation of the hydrometer correction tables the equation 
has been transformed still farther. Changed to a specific gravity 
basis, the equation becomes 


Sp gr t =Spgr 15.50+15.56 (¢— 15.56) 
15.56 

























a me 





15.56 15.56 (5) 
+ Bis.s¢ (#—15,56)*+ 15.56 (¢—15,56)*. 
15.56 15.56 


The coefficients a5 56, 815.55, ANd Y15.56 Of this equation are equal to 


15.56 15.56 15.56 : 


the corresponding coefficients o45.56, Bisse, 20d ¥15.55 divided by the 
density of water at 15.56° C. Table 4 provides numerical values for 
these coefficients. Hence, by the combined use of table 4 and equa- 
tion 5, the specific gravity of a vegetable tanning extract at any tem- 
oon yan the range may be calculated from its specific gravity 
at h 


615691442 
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TABLE 4.—Thermal density coefficients for tanning extracts for use with equation (6) 








—_ onene a15.56X10° | B15.56X10" | 715,56%108 
at ira? © ( F) 15.56 15.56 15.56 
1.000 —160 —54 aot 
1, 005 —167 —54 +3 
1, 010 —173 —54 3 
1.015 —180 —53 3 
1, 020 —186 —53 +3 
1.025 —192 —52 +3 
1. 030 —199 —52 +3 
1. 035 —205 —651 +3 
1.040 —212 —51 +3 
1. 045 —218 —50 +3 
1. 050 —224 —50 +3 
1. 055 —21 —49 +3 
1. 060 —237 —49 43 
1. 065 —24 —48 +3 
1.070 —250 —48 +3 
1.075 — 256 —48 +3 
1. 080 —263 —47 +3 
1. 085 —269 —47 +3 
1.090 —275 —46 +3 
1. 095 —282 —46 +3 
1. 100 —288 —45 +3 
1. 105 —294 —45 +3 
1.110 —301 —-4 +3 
1,115 —308 —44 +3 
1, 120 —314 —43 +3 




















V. CALCULATION OF HYDROMETER CORRECTIONS 


By use of equation 5, specific gravities at 10°, 20°, 25°, 30°, 35°, and 
40° C with reference temperature 15.56° C were calculated correspont- 
ing to each specific gravity at 15.56°/15.56° C at intervals of 0.005 
throughout the desired range. These calculated specific gravities 
represent the readings on hydrometers which are correct, respectively, 
at the temperatures of the calculation. The corresponding readings 
on hydrometers standardized at 60°/60° F were found by applying 
the conversion of density basis formula for hydrometers. * 

Sp gr + =Sp gris.scco+ASp gris.seo, 
15.56°O 15.56°C 15.56°O 


in which A=0.000023 (15.56—1?). 


Interpolation was used to find the hydrometer readings at the 
temperature intervals corresponding to the same true specific gravity 
at 60°/60°F. These values were plotted, one axis representing ten- 
perature and the other representing the hydrometer reading. A series 
of smooth curves was obtained consisting of a curve for each true 
specific gravity. From each curve were read the hydrometer readings 
for each degree change in temperature. The table was completed by 
interpolation to obtain columns for each 0.001 change in specific 

agen The table is given in abbreviated form with this paper. 

ee table 5. 


———— 


3 The hydrometers are assumed to be made of glass with a coefficient of cubical expansion equal to 0.00003 
per degree centigrade. This figure in the equation may be replaged by the proper coefficients and tables 
calculated for hydrometers of other kinds of glass, or the tables presented here may be used with hydrometes 
of other glasses if a correction is applied to the reading of the hydrometer to obtain the corm 
qoetiog reading on a hydrometer of glass with a coefficient equal to 0.000023 per degree centigrade. 

he correction is +(a-0.000023) (15.56-t) R, in which R is the reading of the hydrometer made at temper 
tures ¢, and a is the coefficient of the glass of which the hydrometer is made. ? 

The largest error that is made by the use of the present table for Pyrex hydrometers without applying * 
oo is only 0.00036 in specific gravity (0.4° bk). This error would occur at the maximal density 82 

mperature. ; 











and 


005 
ities 
rely, 
ings 
ying 


the 
vity 
em- 
aT1eS 
true 
ings 
| by 
cific 
per, 


100023 
tables 
neters 
corre 
grade. 


pers 


ying & 
y and 


Density and Expansion of Tanning Extracts 


TaBLE 5.—Hydrometer correction data 
Reduction of observed specific gravities to specific gravities at 60°/60° F. 


349 








Observed 
temperature 

















Observed specific gravity 
1. 0000 1. 0200 1.0400 1. 0600 1. 0800 1. 1000 1.1200 
Corresponding specific gravity at 60°/60° F 

nganeelbeen 1. 0193 1. 0391 1. 0590 1. 0788 1. 0987 1.1186 
noshknkabate 1. 0193 1, 0392 1, 0591 1.0790 1. 0988 1. 1187 
alata caine 1.0194 1, 0393 1. 0592 1.0791 1. 0989 1, 1188 
 oaishataiiinaalid 1.0194 1.0394 1. 0593 1. 0792 1.0991 . 1190 
Abel Fad 1.0195 1.0395 1.0594 1.0793 1. 0992 1.1191 
manne 1, 0196 1, 0395 1.0595 1. 0794 1.0993 1, 1192 
hain 1.0197 1. 0396 1. 0596 1. 0796 1.0995 1.1194 
AEE SES HEMT AS 1. 0197 1. 0397 1. 0597 1. 0797 1. 0996 1. 1196 
ccpwmteiabell 1, 0198 1, 0398 1. 0598 1. 0798 1. 0997 1.1197 
eae iennions 1,0199 1. 0399 1. 0599 1. 0799 1. 0998 1.1198 
1. 0000 1.0200 1.0400 1. 0600 1. 0800 1. 1000 1. 1200 
1.0001 1.0201 1.0401 1.0601 1. 0801 1. 1001 1. 1202 
1.0001 1.0202 1.0402 1. 0602 1.0803 1. 1003 1. 1204 
1.0002 1. 0203 1.0403 1. 0604 1. 0804 1. 1004 1. 1205 
1. 0003 1.0204 1. 0404 1.0605 1. 0806 1, 1005 1.1207 
1.0004 1.0205 1.0406 1. 0606 1. 0807 1. 1008 1. 1208 
1.0005 1. 0206 1. 0407 1. 0608 1. 0808 1. 1009 1. 1210 
1. 0006 1. 0207 1.0408 1. 0609 1. 0810 1.1011 1. 1212 
1. 0007 1.0208 1.0409 1. 0610 1. 0812 1.1013 1.1214 
1. 0008 1.0210 1.0411 1.0612 1, 0813 1.1014 1.1216 
1.0010 1.0211 1.0412 1.0613 1.0815 1.1016 1.1218 
1.0011 1.0212 1.0413 1.0615 1, 0817 1.1018 1. 1220 
1.0012 1. 0213 1.0415 1. 0616 1, 0818 1. 1020 1, 1221 
1.0013 1.0215 1. 0416- 1.0618 1. 0820 1. 1022 1. 1223 
1.0014 1. 0216 1.0418 1. 0620 1. 0822 1. 1024 1, 1225 
1.0015 1, 0217 1, 0419 1. 0621 1. 0823 1. 1026 1, 1227 
1.0017 1. 0219 1.0421 1. 0623 1. 0825 1, 1027 1. 1229 
1.0018 1, 0220 1.0422 1. 0625 1. 0827 1. 1029 1. 1231 
1.0019 1, 0222 1. 0424 1. 0626 1. 0829 1. 1031 1. 1233 
1. 0021 1. 0223 1. 0426 1. 0628 1. 0830 1. 1033 1. 1236 
1.0022 1, 0225 1.0427 1. 0630 1. 0832 1. 1035 1. 1238 
1.0024 1. 0226 1.0429 1. 0632 1. 0834 1. 1037 1. 1240 
1. 0025 1. 0228 1. 0430 1. 0634 1. 0836 1. 1039 1. 1242 
1.0027 1. 0230 1. 0432 1, 0636 1, 0838 1. 1041 1, 1244 
1. 0028 1.0231 1, 0434 1. 0638 1. 0840 1, 1043 1, 1246 
1. 0030 1. 0233 1. 0436 1. 0639 1. 0842 1. 1046 1, 1248 
1.0031 1, 0234 1. 0438 1.0641 1. 0844 1. 1048 1.1251 
1. 0033 1. 0236 1.0439 1. 0643 1, 0846 1, 1050 1, 1253 
1. 0035 1. 0238 1.0441 1. 0645 1, 0848 1. 1052 1. 1256 
1. 0036 1.0240 1.0443 1. 0647 1. 0850 1. 1054 1, 1258 
1. 0038 - 1.0241 1.0445 1. 0649 1.0852 1. 1057 1, 1260 
1. 0040 1.0243 1.0447 1. 0651 1. 0855 1. 1059 1. 1262 
1.0041 1.0245 1.0449 1. 0653 1. 0857 1. 1062 1. 1265 
1, 0043 1, 0247 1, 0451 1. 0655 1, 0859 1. 1064 1, 1267 
1. 0045 1, 0249 1, 0453 1. 0657 1. 0861 1. 1066 1. 1270 
1. 0047 1. 0251 1, 0455 1. 0659 1, 0864 1. 1068 1.1272 
1. 0048 1. 0253 1, 0457 1. 0662 1. 0866 1. 1070 1.1274 
1. 0050 1.0255 1. 0459 1, 0664 1. 0868 1. 1073 1.1277 
1. 0052 1. 0257 1. 0461 1, 0666 1. 0870 1, 1075 1. 1280 
» anes. 1, 0259 1. 0464 1, 0668 2. 0872 1. 1078 1, 1282 
1. 0056 1. 0261 1. 0466 1. 0671 1. 0875 1. 1080 1. 1385 
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Barkometer, Twaddle, and Baumé tables were computed from th 
specific-gravity table. These tables are not included with this Pape 
but will be published separately in Bureau Circular C449. The sep 
of the tables is as follows: 








Table Range Interval 
Se ESE, -| O° to 119° bk 1.0 
MR ch aitisc nnn yniceaniinl O° to 15° Bé 1.0 
I dikbnnkicicencanndaciuctind O° to 24° Tw 1.0 

















True values corresponding to the above observed values are given 
the nearest 0.1 degree for each degree change in temperature from 5) 
to 100° F. The relationship between the scales is 


1000+-° bk 


ofan? FR 
Sp gr 60°/60° F 1000 


Sp gr 60°/60° F—1 





Degrees barkometer= 








0.001 
Sp gr 60°/60° pa OTE TOXe) 
Degrees Twaddle="P gr oe Fx} 
Sp gr 60°/60° F=a5 1 
145 





Degrees Baumé=145—s- er 60°/60° F 


VI. APPLICABILITY AND ACCURACY OF THE COEFTI 
CIENTS AND DERIVED CORRECTION TABLES 


The thermal-density coefficients of equations 3 and table 4 were com 
puted from the observed densities of several representative tannin 
extracts. Duplicate observations agree, in general, within three unit 
in the fifth decimal place of the density value. These observed den 
sities were subjected to an adjustment by the method of least square 
to determine the most probable density at each temperature. Henet 
errors in the original observation and their reduction are small in com 
parison with the error due to assuming one value for all extracts. Th 
accuracy of the specific gravity of any particular extract compute 
from the coefficients is dependent upon the closeness with which th 
rate of expansion of that particular extract agrees with the composi 
rate. 

Conclusions as to the degree of accuracy obtainable when the com 
posite coefficients of equations 3 are used may be drawn from an é 
amination of the graphs in figure 1. Slight variations between coe 
ficients of the different types of extracts studied are evident, while th 
agreement between different brands of the same type is remarkabl 
For example, the points representing the a coefficients of two bran 
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if quebracho vary little from a straight line, but this line is definitely 
low the least squares line. Further examination shows the coefficient 
uthest from the least squares line to be that of quebracho (SM brand) 
ith density 1.12 g/ml. The observed value of a at this Point is 
407X10~*. The least squares value is —396X10~*. The difference 
(000011. This difference introduces an error of 0.00016 in the density 
culated at 40° C, the temperature farthest from the standard tem- 
erature 25° C. When the 6 and 7 values are considered, the differ- 
nce caused by using the least squares value is 0.00015. Over most of 
he temperature range and for most of the extracts the discrepancy is 
much less. 

Since the hydrometer correction tables are based on the data dis- 
nssed in the preceding paragraph, they should be accurate to the same 
hegre if calculated with like sensitivity. Calculation of corrections 
or the barkometer table was made to 0.1° bk. This hydrometer is 
sually graduated in degrees barkometer, equivalent to 0.001 sp gr at 
60°F Probable accuracy of the correction table, then, is much 
neater than that with which the hydrometer is likely to be read. 

The barkometer table had been compared with the table * supplied 
by The American Leather Chemists’ Association as the basis that is 
ying used in the leather industry. A greater accuracy as well as a 
neater range has been attempted in the new table. The two agree 
sactly at low densities and temperatures but diverge as either temper- 
ture or density increases. This difference amounts to 1.1° bk for a 
eading of 60° bk at 100° F, the larger value being given by the new 
able. 





n 
1 50 


VII. CONCLUSION 











The thermal-density coefficients have been presented in such a 
manner that they may be used for calculation of the density of a 
mning extract at any other temperature within the range covered 
by the investigation if the density at either 25° C or 60° F is known. 
Data for correcting hydrometer readings, calculated with the aid 
{ these coefficients, have been prepared in tabular form at the request 
{ the tanning industry to meet the needs of that industry. It is 
lieved that they are applicable to all vegetable tanning extracts 
iluded in this investigation without the introduction of errors in 
xcess of those that unavoidably occur in the reading of hydrometers 
ider industrial laboratory conditions. 


WasHINGTON, June 27, 1944. 


‘This table may be found in J. A. Wilson, Modern Practice in Leather Manufacture, p. 287 (Reinhold 
ublishing Corporation, New York, N. Y., 1941). 
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ABSTRACT 


A method is deseribed for measuring the rate of filtration of water through filter 
papers, in which the paper is used as a cone in the usual manner and special appara- 
tus is not required. An equation is derived, with which a water-filtration coeffi- 
cient is determined from the filtration data. Data are presented also to show the 
effect of continued filtration on this coefficient. A correlation is shown between 
the air permeability of filter paper and the rate of filtration, enabling one to make 
a good estimate of the speed of a filter paper without wetting it. A definite 
procedure is recommended for determining the rate of flow of water through 
filter paper. 
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I. INTRODUCTION 


Suitable filter paper is an item of considerable importance to the 
analytical chemist. Until recently, most of the filter paper intended 
for analytical use has come from Germany, England, and Sweden. 
The war has made the supply from these sources uncertain. As a 
consequence, American manufacturers have undertaken the making 
of grades of analytical filter papers that hitherto have not been 
produced in this country. 

Heretofore, the chemist has relied mainly on established brands 
and grades, with which he has become familiar, as guides in the choice 
of suitable filter papers. It seems desirable to provide manufacturers 
and consumers with better means of determining the suitability of 
filter paper intended for analytical use, especially since new products 
are now included in the available supply. 

An investigation was undertaken at the National Bureau of Stand- 
ads to supply the needed information. A number of the important 
physical and chemical properties of available filter papers are being 
studied, and will in due time be reported upon. One phase of this 
study is the evaluation of the rate of filtration, or speed, as this prop- 
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erty is frequently called. This article is confined to reporting {j vs 
cir 


development of a method of measuring the rate of flow of way 
through filter paper. 
II. PREVIOUS WORK 


Herzberg’ used a constant-head apparatus, based on the princip| 
of the Mariotte flask, which forced water through a horizontal dis 
of filter paper 10 cm” in area and discharged it into a measuring {las} 
With a head of 5 cm of water at 20°C, the instrument was used 
measure either the time of filtration of 100 ml of water or the volun 
of water filtered in 1 minute. He reported a range of filtering rate 
of 23 to 760 ml/min per 100 cm? of area for 30 filter papers. 

Griffin and Parish ? reported difficulty in maintaining a constay 
head with the Herzberg apparatus, and were unable to obtain coy 
sistent results with it. They devised a filtering cell, 2 inches jy 
diameter, in which a horizontal filter circle supported by a wire scree 
was subjected to a head of 9 inches of water, held constant by over 
flowing an excess of water at the top of a standpipe. The filtrat 
was caught in a measuring flask, and the time required to filter 10 
ml of water at 20°C was reported. They gave values of 8 to 12 
seconds for typical papers. They also gave data on the effect o 
temperature. 


any t 


III. CONE METHOD 


If one could make suitable measurements of filtration througl 
filter paper folded in the usual manner to form a cone, some obvio 
advantages would result. Such a procedure would adhere mor 
nearly to the conditions of normal filtering, and there would be nq 
need for special apparatus required when disks are used. 

Griffin and Parish observe, however, that, although the most com 
mon method of appraising filter papers has been to judge the relativé 
performance when they are folded and supported as cones, sever: 
uncertainties characterize such a procedure, making it unreliable an 
ill-adapted for supplying data suitable for record and reference. They 
point out that the results depend upon the design of the funnel, its 
angle, the dimensions of the stem, the manner of folding the filte 
paper, the amount of water used, and the manner of pouring it i1 

hese difficulties can be surmounted with little effect on the inna 
simplicity of the testing procedure. The effect of the funnel can bt 
eliminated by supporting the filter cone freely in a wire loop, or in! 
conical wire helix if the cone is large. This method of support wat 
used in the tests to be described. The paper can be folded in a stand 
ard manner. All the water used was poured in at once. 

Of the several factors that ordinarily contribute to the uncertainty 
in measuring rate of flow bo, a conical filter, the one which pre 
sents the greatest difficulty is the change in head and filtering are 
as the water level falls in the cone during the testing period. Prelim 
inary experiments with disks of filter paper indicated that Darcy's 
law should be applicable, that is, for a given filter paper the rate 0 
filtering of water is proportional to the area of the filter and to tht 
head. With this premise a conical filter lends itself readily to the 
derivation of a water-filtration coefficient. 


At t] 


1W. Herzberg, Papierpriifung [7th ed.] p. 109 (1932). 5th ed. (1921) J. Springer, Berlin. 
!R. ©, Griffin and H. C, im AY Ind. Eng. Chem. 14_ 199 (1922). 
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Figure 1 represents a 60-degree conical filter made by folding a filter 
drcle in the usual manner. Let k be the water-filtration coefficient, 
defined as the volume of water filtered per second through unit area 
mder unit head.* A quantity of water is poured into the cone, and at 
any time, t, thereafter, the volume remaining is v, having a depth h. 





























Figure 1.—Sizty-degree conical filter containing water. 


Consider an elementary surface, ds, of the cone at a depth, h—z, 
having a height, dz, a slant height of dz sec 30° (=2-/3/3 dz), and a 
circumference at midheight of 2rz tan 30° (=2-+/3/3xz). Therefore, 
the area, ds=4/3a2dz. The rate of flow through any small area is the 
water-filtration coefficient multiplied by the area and the head oper- 
ating on that area (Darcy’s law). The rate of change of the volume in 
the cone with time is negative. Hence, 


lolita f, (h=0)doen-4/Beb( i pans f 24d2)=—2/Onkh®. (1) 


At the time t, the volume of water remaining in the cone is 


v=1/3xh(h tan 30°)?=1/9rh?. 
Therefore, 
dv/dt= —2kv. (2) 





' Although the conical filter is composed of three layers over half its area, and only one over the other half, 
this density distribution is constant for all values of z (fig. 1) and therefore will not affect the setting up or 
the solution of the differential equations. This fact does mean, however, that k is associated with this par- 

arrangement of the filter paper and would not have the same value for some other arrangement, such 
Wadisk,forexample. The coefficients for disk and cone would, however, be proportional. 


615691—44-3 
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The solution of equation 2 gives 


In v,/v _ 1.151 log »,/v 


k=20—4)~ rey aT 8) 





in which t—t¢, is the time interval required to decrease the volume of 
water in the filter cone from 2, to v. 

According to equation 3, k is independent of the units chosen for its 
expression, except for time. It may be expressed as ml/(em? cm head) 
or as in.*/(in.? in. head), filtered per second, or in any other consisten; 
units. 

It is apparent from equation 3 that, if the ratio of v, to v is kept cop- 
stant, the time of filtration through a given filter paper should be the 
same regardless of the volume of water used. In this case, k becomes, 
very simple function of the time of filtration. For example, if the 
measurements are so made that v=1/2v,, and ¢, is taken as zero when 
the volume in the cone is 2, 


k=0.3465/t (4) 


for any value of », that may be chosen. Such a simple relation, to- 
gether with the simplicity of the method, seems to place the cone 
method in a very favorable light. , 

Some illustrative data are shown in tables 1 and 2. In the tests 
which these data represent, the freely suspended cone of filter paper 
was first saturated with distilled water and drained, and then 25 ml of 
the distilled water was poured in all at once. The time was recorded for 
successive increments of the filtrate collected. The volume remaining 
in each case was obtained by difference. In table 1 the time in sec- 
onds is tabulated against the volume remaining in the cone, at the in- 
tervals required to filter 3 ml of water. 

In the first part of table 2 are shown values of the water-filtration 
coefficient, calculated by equation 3, for the intervals of volume change 
indicated in column 1 of table 1. In the second part of table 2 are 
shown the values of the coefficient, calculated by equation 4, when the 
ee in the cone has been reduced by one-half. The coefficient K 
is 10*k. 


TABLE 1.—Data obtained by the cone method with siz kinds of filter papers 














] 
Filtering time of sample— 
Volume in cone 
1 2 3 4 5 6 
mi sec sec sec sec sec sec 
Minis Sicdnpadtbuidh waste 0 0 0 0 0 0 
ak dipiiicnli ss cee cs 68 31 21 15 7 3 
ciate cudstipnsadapnasss deatonnai 137 64 42 31 14 5 
IER ae Re ee 213 103 67 48 22 7 
ETERS Saas EE 150 97 67 31 ll 
BE SL. a Ree: 407 209 135 89 44 15 
Wes estes Bin nin ssbsphdc Ackman 281 186 120 60 21 
| RS, ROSETTE RGAE Ut Vikdnedac 163 88 29 
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TaBLE 2.— Water-filtration cot ficients! calculated from the data in table 1 

















— - Value of K for sample— 
From To 1 2 3 4 5 6 
mi ml 
25 22 10 21 32 44 95 221 
22 19 il 22 34 45 103 361 
19 16 ll 22 34 50 106 425 
16 13 ll 22 34 54 115 259 
13 10 13 22 35 60 101 328 
10 Fittiectngdiid 22 35 58 112 297 
7 es SRB Recs Be Seisucene 65 100 350 
24 12 ll 22 35 50 112 347 
22 ll ll 22 35 52 108 347 
20 10 12 22 34 54 105 315 
18 Re GR 22 35 56 108 
the 16 des eee re 22 35 87 105 315 
14 pea) MERC NES 22 35 58 105 289 
12 Oy Mmislsawen 22 33 59 1 315 
10 B  Misgives OP i Seas 61 112 315 
ee SP Soe TE” fete sole 64 105 315 
































(4) 
1K=104k. It may conveniently be thought of as the number of milliliters of water filtered through 
t square meter of filter paper in 1 second under a head of 1 cm of water. 

- 0- 


ony, EFFECT OF CONTINUED FILTRATION ON RATE OF 
” FLOW 


perm Previous work has indicated that the speed of filter paper decreases 
l of fMwith time of filtering. Griffin and Parish (see footnote 2) published 
| for fl data showing this effect for a number of filter papers. In one case the 
\ing MM speed at the end of 2 hours of continuous filtration had decreased to 
sec-Monly 2.5 percent of the value at the beginning. Some further data 
 in- Mare given in table 3, which were obtained by the cone method with 
_ Bvater not previously filtered. In these tests also the speed decreased 
tion MM progressively as filtration was continued. 


nge 














areMa TABLE 3.—Change in speed of filter paper with continued flow of water through 
the specimen 
t K 
Water-filtration coefficients ! 
K, determined for specimen— 
after filtering 
1 2 23 
ml K K 
0 64 53 
100 57 47 47 
200 50 40 40 
500 46 wa un 





FILTER REVERSED 





0 71 49 59 
100 67 << 54 
200 63 41 41 




















‘see note under table 2. 
‘Specimen 3 had been soaked for 24 hours before being tested, 
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Griffin and Parish attribute this effect to “hydration” and swell; 
of the fibers. Swelling of course takes place, and must have an effy 
on the speed, at least during the initial stage of filtering, since it mak, 
the paper thicker and affects the size of the pores. Swelling, howeve 
does not seem to explain the change in speed with time of filterj, 
One of the filter circles reported on in table 3 was soaked for 24 hoy 
before being tested. It behaved very much like the ones not soak 
Continued flow of water through the filter seems necessary to cay 
slowing of the speed. It is quite possible that swelling and thickeniy 
of the paper may make the interstices larger rather than smalle 
The data discussed in the next section indicate that the paper probal) 
becomes more permeable to water as a result of swelling. 

Lane* observed a decrease in permeability of paper with continy 
flow of oil through it. In this case “hydration” and swelling wo 
be absent or unimportant. He offered as a tentative explanation th 
orientation of fibers to partially block the flow, but did not consid, 
this explanation altogether satisfactory because an equilibrium sta 
was never reached. Likewise, the slowing of the speed of filter papg 
seems to go on indefinitely. In one instance during the present iy 
vestigation, the speed of filtration with distilled water was still d 
creasing after 7 hours of continuous filtration. 

When the flow through filter paper is reversed in direction by 
folding the circle, the speed of filtration may be increased temp 
rarily, as the data in table 3 show. It then begins to decrease as befor 
Lane observed a similar behavior when oil flowed through paper an 
thought it compatible with the fiber-orientation hypothesis. 

Fungoid growths in distilled water have been reported,° and it hy 
been suggested that the slowing of the speed of filter paper with tin 
might be explained by the plugging of the pores with such materi 
filtered. There has, however, been no evidence of the operation oiiolut: 
this factor during the work reported here. quic 

Muskat ° observes that a very common cause of the plugging of ( 
porous medium upon continuous flow of liquid through it is the evolugiiihe b 
tion of air or gas dissolved in the liquid. He recommends as a remedjimerve 
the use of distilled water, and the prefiltering of it before use. Suciiihrov 
an explanation seems to be in keeping with many of the observation W) 
of the behavior of filter papers. Air bubbles collecting in the poral 
could explain the decrease of speed with time, even when long-con be 
tinued; the failure of soaking to slow the speed noticeably; and th@jjame 
behavior of oil flowing through paper (see footnote 4) ; the temporargmilter 
increase in the speed of filter paper when the flow of water is reverse 
in direction; and the fugitive nature of the slowing agent, as indicate 
by the fact that drying out a filter circle which has exhibited slowin 
usually restores it to substantially its original os. This explan 
tion, however, is not consistent with other observations. Boilim 
the water, or extracting the air by vacuum, does not serve the p 
pose of prefiltering it. Aerating water that has been prefiltere 
usually does not cause slowing of the speed of filter paper throug 
which it is filtered. 

Simon and Neth,’ working with filters made of glass, porcelail 


4 Wm. H. Lane, Paper Trade J. 117, TS30 yee). 

‘A. Griffiths and C. H. Knowles, Proc. P ys. Boe, 94, 350 (1012). 

¢M. Muskat, The Flow of Homogeneous Fluids Through Porous Medja, p, 90 (McGraw-Hill Bu 
Company, Inc., New York, N. Y., (1 i 

1A, Simon and W. Neth, Z. anorg, allgem, Chem, 168, 221 (1927), 
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nd quartz, found that fresh water (distilled water not previously 
tered) or fresh solutions of numerous chemical reagents progressively 
greased in rate of filtration when successive portions were passed 
hrough the filters. Acetone and carbon tetrachloride behaved in the 
me way. When they were prefiltered, however, all passed through 
1 filters repeatedly without decrease in rate of filtration. When 
he prefiltered water, solution, or reagent was boiled or allowed to 
and for 1 or 2 days, it again behaved in each instance like fresh 
filtered) liquid. 
They found that a filter that had been clogged or slowed by filtering 
resh water through it could be made to filter more rapidly again, 
ither by filtering certain acids through it or by applying an electro- 
notive Bone (110 or 220 volts) across the filter, provided the negative 
ole was placed on the discharge side of the filter. They also found 
hat such a filter, clogged by filtering fresh water through it, retained 
positively charged colloid while passing a negatively charged colloid 
{the same particle size, when the two sols were filtered through it. 
From their observations they concluded that impurities in the water 
uld not account for the clogging of the filters. They found that air 
eady in the filter is sometimes a factor in its initia] behavior, but 
ncluded from experiments made in a vacuum with unfiltered water 
hat air evolved from solution in the water could not be the chief 
or involved in clogging the filters. 
Simon and Neth concluded finally that a number of complicated 
tors are responsible for the change in the speed of filters as a result 
the passage of my se through them. Important among these are 
ir already 1n the filter; order of filtration of various reagents; ad- 
xption of ions; and the electrical condition of the filter and the 
lution, that is, polarization and potentials produced by flow of 
quid through the filter.® : 
ost of the phenomena reported by Simon and Neth pertaining to 
he behavior of water when filtered through their rigid filters was ob- 
ved during the present investigation when water was filtered 
bough filter papers. No experiments were made with other liquids. 
Whatever may be the cause of the slowing of the speed of filter 
3 per, prefiltering the water consistently improves the behavior and 
ibstantially eliminates uncertainty in the test for speed. Using the 
me portion of water over and over is helpful, since each test pre- 
lters it for the next test. 
The effect of prefiltering is illustrated in figure 2. The usual be- 
vior is shown by curve A when distilled water not prefiltered is used, 
sh portions of the water being filtered through a given circle of filter 
per for several successive filterings. Curve A is a composite of 
ta for five circles from three kinds of filter papers. The water was 
m two sources. Sometimes, however, distilled water, not pre- 
tered, does not decrease the speed of filter paper in this manner. 
urve B illustrates the behavior when prefiltered water is used. This 
urve is & composite of the data for 58 circles from 11 kinds of filter 
pers, obtained with water from three sources. A few of these tests 
remade with ordinary water from the city supply, after prefillering 
Such water, not prefiltered, slows the paper much more rapidly 
lan distilled water does. Of the 221 determinations used in arriving 


'G.H. Bishop, F. Urban, and H. L. White, Colloid Symposium Annual 8, 137 (1930). 
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Figure 2.—Change in rate of flow of water through filter paper. 
A, When distilled water is used which has not been prefiltered; and B, when prefiltered water is used, 


at curve B, more than 90 percent»were within +15 percent of this 
composite curve. 


V. RELATION OF AIR PERMEABILITY AND RATE OF 
FILTRATION 


A knowledge of the air permeability of filter papers should be usef 
in throwing some light on what happens to the structure during filtra 
tion, and also in determining the approximate speed of a filter paper 
before using it. 

According to familiar formulations that describe the flow of fluids 
through a capillary system, the ratio of the rates of flow (in terms 0 
the volumes passing through per unit time, area, and driving pressure 
of two fluids through a given capillary system should be equal to the 
reciprocal of the ratio of their respective viscosities. For air and wate 
at room temperature, air flows through paper about 55 times as fas 
as water. 

The air permeability of a number of filter papers was measured witl 
the Carson * instrument. The same specimens were then used in de 
termining the water-filtration coefficient by the cone method. Th 
results are shown in table 4. The ratio varies from 24 to 40, being 
in all cases considerably less than the theoretical value. If, whel 
filter paper is wet with water, the swelling of the fibers tends to reduc 
the size of the pores in the paper, as is commonly supposed, the rati 


* F. T. Carson, J. Research NBS 26, 475 (1941) RP 1390; see also BS J. Research 12, 567 (1934) RP681. 
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in table 4 should be greater than 55 instead of less. It seems likely 
that the spaces between the fibers become larger as a result of swelling 
in the structure. 

It is observed that in table 4 the papers are arranged in nearly the 
ame order by the two measurements. This fact may be found useful 
ys it affords a means of estimating the speed of filtration without 
wetting the paper. 


TssLE 4.—Relation of the air permeability cf filter paper to the rate of filtration of 
4 water 








Water- Water- 
filtration filtration Air perme- 
— t —- 1 ability ! 
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1 See note under table 2. The air permeability is expressed in the same unit as K. 


VI. RECOMMENDED PROCEDURE 


The following procedure is recommended for wins the speed of 
e 


fltration of filter paper. Obtein distilled water (preferably freshly 
distilled) and prefilter it through filter paper that has a rate of flow 
at least as slow as that of the paper to be tested. Keep the tempera- 
ture of the water constant during the tests. A temperature of 23° C 
is recommended. 

Carefully fold a filter circle in the usual way to form a 60-degree 
cone. Place it in a 60-degree funnel, wet it thoroughly with water 
prepared in the manner indicated above, and press down the folds 
to expel all air pockets and to make the three plies smooth and in 
good contact. a out the excess water, remove the cone and 
suspend it freely over a burette by supporting it in a loop of wire. 
This loop should be of such a size that it will support the cone at 
about two-thirds of its height, reckoned from the apex. Immedi- 
ately, while the cone is saturated with water, pour into the cone all 
at once a known volume of water which is approximately two-thirds 
the capacity of the cone. When one-fifth of the water has filtered 
into the burette, start a stopwatch. When half the remaining 
volume has filtered through, stop the stopwatch and record the time 
seconds. Test 5 to 20 circles, hovering on their variability, to 
obtain an average. Use the same portion of water for each test, 
adding to it from the prepared supply as found necessary. The 
iverage time can be used as an inverse measure of speed, but it is 
preferable to use the average time ast in the equation K=10*k=3465/t 
(q 4) to obtain a water-filtration coefficient. 
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The data in table 5 illustrate the application of the method. Rag, 


result is the average of five tests. 


TaBLE 5.—Data obtained by the recommended procedure 








Filter paper A 


Filter paper B 





Diameter 
of filter Water-filtration 
circle 


Water-filtration 





time,! coefficient,? 
t K 


time, coefficient,? 
t K 





























1 Time required to filter half the volume remaining when the stopwatch was started. ‘The limits of 
uncertainty indicated were calculated by the method recommended in the ASTM Manual on Presentation 


of Data, Supplement A, for a probability of 9 in 10. 
* See note under table 2. 
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ATTACK OF REFRACTORY PLATINIFEROUS MATERIALS 
BY ACID MIXTURES AT ELEVATED TEMPERATURES 


By Edward Wichers, William G. Schlecht, and Charles L. Gordon 


ABSTRACT 


Iridium and other refractory metals and alloys of the platinum group can be 
easily prepared for analysis, or for small-scale refining, by solution with hydro- 
chloric acid and suitable oxidants in sealed tubes at temperatures up to 300° C. 
The effects on the rate of solution of iridium caused by variations in temperature, 
in concentrations of hydrochloric acid and of the oxidant, and in the nature of 
the oxidant, are reported. The rate increases rapidly with increase in tempera- 
ture. It also increases with increasing concentration of hydrochloric acid, up to 
nearly anhydrous hydrogen chloride. With variation in the concentration of 
chlorine or equivalent oxidants, the rate passes through a maximum at a relatively 
low concentration. 

A number of other factors of less importance are also discussed. Suitable 
working conditions for dissolving various alloys and minerals are suggested. 
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I. INTRODUCTION 


Of the six platinum metals only platinum and palladium can be dis- 
solved in aqua regia at temperatures that can be reached in open vessels. 
The other four and their alloys, such as osmiridium, are nearly unat- 
tacked by aqua regia at temperatures up to the boiling point of the acid 
mixture. In preparing platinum-group minerals for analysis, the cus- 
tomary procedure is to treat them with — regia until no more dis- 


solves, and then to worry the undissolved residue more or less com- 
pletely into soluble form by repeated treatments with alkaline oxidi- 
tng fluxes. This process is not only laborious, but may result in losses 
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of material and in contamination from various sources. Further, th 
solution eventually obtained contains an undesirable amount of alka}! 
salts. Besides the refractory platiniferous minerals, some manuf; 
tured platinum alloys also contain enough rhodium or iridium to mak 
them very difficultly soluble in aqua regia. They are even more (if 
ficult to treat by fusion with alkalies. 

The stability of the chloro compounds of the platinum metals sug 
gests that the difficulty encountered in dissolving some of the meta) 
in hydrochloric acid plus a suitable oxidizing agent, is not caused by 
the nature of the reaction but by the rate at which the reaction py 
ceeds at the temperatures ordinarily used. This idea is supported by 
the fact that a given mass of one of these metals is more rapidly dis 
solved if the sample is very finely divided, or if the sample of refractory 
metal is alloyed with a sufficiently large proportion of platinum. | 
both cases the rate of attack per unit area of exposed surface remains 
low, but the amount of metal going into solution is increased becaus 
the effective surface area is increased. It therefore seemed worth 
while to find out whether the rate of attack could be sufficiently in 
creased for practical purposes at temperatures attainable in glas 
apparatus. id, 
II. APPARATUS, REAGENTS, AND EXPERIMENTAL fe’ 

PROCEDURE Bencta 


The pressure developed by concentrated hydrochloric acid or it 
mixtures with nitric acid or other oxidizing agents increases very rap 
idly above 100° C. In the observations to be reported, pressures up ta 
4,000 lb./in.? were often encountered. Well-annealed sealed glass tubes 
normally will withstand such pressures if the internal diameter is noj 
greater than twice the wall thickness. Pyrex glass tubes of 4-mm dia 
meter and 2-mm wall thickness were used for nearly all the experi 
mental work on rates of solution, with no protection except inclosure 
in a loosely capped piece of pipe, which served to keep glass from scat 
tering about the oven when an occasional failure occurred. These 
tubes usually were about 20 cm long. For a few similar experiments 
Pyrex tubes of 8-mm bore and 2-mm wall thickness were used. For the 
solution of minerals and other materials to be prepared for analysis; 
tubes of 15-mm bore, with about 2.5 mm wall thickness, were used 
The latter tubes, also about 20 cm long, were provided with stems oj 
4-/by 8-mm tubing through which the reaction mixture was introduced 
(fig. 1). The sample was introduced through the neck unless the size of 
the pieces, such as nuggets of mineral, made it necessary to place them 
in the larger tube before the stem was sealed on. The reason for using 
tubes provided with stems of smaller bore has been discussed in a pre 
vious paper.’ In brief, experience showed that the larger tubes could 
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Figure 1.—<Sealed tube for solutions. 


The volume of the main tube is approximately 1.77 ml/em. The tube is made twice the length that wil 
accommodate the desired amount of reacting mixture. 


1C, L, Gordon, J. Research NBS 80, 107-111 (1943) RP1521. 
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ot be sealed, after introducing the sample and acid mixture, without 
saving the seals so strained as to cause frequent failures at relatively 
pw pressures. Sealing of the stems did not cause trouble of this kind. 

An electrically heated oven, suitable for operation at temperatures 
yp to 350° C and thermostatically controlled to 1 degree, was used to 
at the apparatus. 

For tests of short duration the sealed er tubes were slid into pieces 
f pipe, capped at one end, which were lined up in the oven and were 
toven temperature. .The tubes were thus kept from breaking others 
yf the same series in case of a failure, and the uncertain time lag 
nvolved in heating cold pieces of pipe to the temperature of the oven 
as eliminated. 

The larger tubes, if they were to be heated much above 100° C, were 
nclosed in steel pressure vessels and protected with gas under pressure, 
swill be described later. 

When it was found that rhodium, ruthenium, and osmium were 
more readily dissolved by suitable acid mixtures than was iridium, 
his last-named metal was used in studying the effects on the rate of 
lution of variations in temperature, concentration of hydrochloric 
id, and concentration of the oxidizing agent.? It seemed entirely 
nobable that conditions suitable for the solution of iridium would 
sult in at least equally rapid attack of any alloy of platinum-group 
metals, whether a mineral or a manufactured product. Within the 
mge of materials thus far tried, this expectation has been confirmed. 
The iridium used for the study of rates of solution was in the form 
{sheet 0.075 mm thick. The sheet was cut into pieces about 3 by 5 
nm, which had a total surface of 30 to 40 mm/?, neglecting the surface 

ea of the edges. The amount of iridium dissolved was determined 

by weighing the pieces of iridium before and after exposure to the 
action mixtures. The volume of metal dissolved was calculated 
om the density and the loss in weight. This, in turn, divided by 
he surface area, yielded the average rate at which the surface was 
lissolved away during the period of exposure. Rates of solution are 
pressed in microns per hour. If all surfaces of each particle of 
netal are attacked simultaneously, the time required for the complete 
plution of a sample will depend on the thickness (effective diameter) 
if the largest particle in it, provided that all the particles in the sample 
eof equally refractory composition. - 
The periods of exposure of iridium to the reaction mixtures varied 
om % hour to24 hours. Within this range they were made as long as 
bssible without risking perforation of the iridium sheet, which would 
tive altered the total area too much. This variation in the period 
i exposure helped to keep the total amount of reaction more nearly 
instant and thus to minimize the effect of changes in composition of 
le reaction mixture. The shorter periods were subject to some un- 
ertainty because the time required to bring the reaction vessel to 
ie desired temperature was not precisely known. Tests on tubes 
ntaining snail amounts of various substances of known melting 
pints showed that tubes slid into a pipe preheated in the oven reached 
temperature within 1° C of the oven temperature in 10 minutes. 


re 
uld 


Although the pressures existing during the experimental work varied greatly, ey! are discounted from 
ther discussion with the notation that the concentration of the components and the temperature of the 
ystem determine the pressure attained, since the volume is fixed. he pressure coefficients of reaction 
tes en very small, hence pressure variations as such were assumed not to affect the rates of attack 
ae y. 
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The 4-mm tubes used for the observations on rates of attack haq 
capacity of about 2 ml. In most of the ey goa 1 ml of reactio, 
mixture was used, but in some of those dealing with variations jp i}, 
concentration of hydrochloric acid the volume was smaller, Wim 
these exceptions, which will be noted, variations in results from fajly,, 
to keep constant the starting ratio of the volumes of the liquid and», 
phases are believed to be smaller than those arising from uncontroll; 
variations in the composition of the reaction systems. In order t 
determine the change in the volumes of the liquid and gas phaseg 
the temperature rose, one tube, half-filled with a mixture of 1 volun 
of fuming nitric acid (91 weight-percent of HNO,) and 20 volumes, 
hydrochloric acid (36 weight-percent of HCl), was suspended withiy 
a heater made by winding resistance wire on a larger glass tube. Th 
maximum increase in volume of the liquid was about 4 percent, y 
about 300° C. Above that temperature the liquid decreased i 
volume. At about 390° C the meniscus disappeared, and other phe 
nomena associated with the critical temperature were observed. 

In many instances a measured volume (usually 1 ml) of acid mix 
ture was transferred to the reaction tube by means of a pipet, |j 
some experiments in which the composition of the reaction mixtuy 
was more closely controlled, the components were added by weight 
To do this with chlorine and with hydrochloric acid mixtures prepared 
from water and hydrogen chloride, it was necessary to chill the tube 
to the temperature at which the gases would liquefy. In sud 
instances the tubes to be charged were cooled by a slush of carbo 
dioxide in a mixture of equal volumes of chloroform and carbo 
tetrachloride. For the condensation of dry hydrogen chloride gas 
liquid air was tried as a direct coolant but its temperature was to 
far below the freezing temperature of hydrogen chloride (—111°C 
and only a snow, which plugged the small tubes used, could be ob 
tained. Dry ice in ether, through which air is bubbled, was found t 
have an equilibrium temperature of —95° C and hence 10° C belo 
the temperature of condensation of hydrogen chloride. The f 
hazards involved in sealing tubes over this mixture may be avoided 
by transferring the tube, after it is charged, to liquid air. 

With this method of charging the tubes, chlorine and hydroge 
chloride could not be added in the exact amounts desired. Instead 
several mixtures were made so that the ratios would be in the desire 
range. The tubes were charged and then sealed by heating the opel 
end until the glass flowed together, after which slight warming of th 
tube below the seal caused the seal to blow out into the desired roundef 
shape. This procedure made it possible to determine by gain il 
weight the amount of the volatile component which had been added 

e reactions by which metallic iridium is changed to a solubl 
chloride may be represented by the single reaction, 


Ir+4Cl+2Cl--IrCly. 


To be dissolved, iridium must both be oxidized and be converted int 
the chloroiridate ion. The chloroiridite ion, IrCl}, is another possibl 
soluble form but does not appear as long as chlorine or an equivalen 
oxidant is present in excess. Chlorine in the presence of hydn 
chloric acid is an effective oxidant for iridium at temperatures from 
250° to 300° C; in fact, the results of the present work show it tod 
just as effective as mixtures of hydrochloric acid with nitric acid, 4 


Attack of Platiniferous Materials 367 






























had @imyih perchloric acid, of equal stoichiometric oxidizing power.* 
ctionmmConsequently, the latter reagents will be regarded merely as sources 


4, { chlorine, in accordance with the reactions, 

shun 7HC1+HCI0,>4Cl, +40 

ae 10HCl+2HNO;—5Cl,+N.+6H,0 

ler t he reaction between hydrochloric acid and perchloric acid is far 
308 rom instantaneous, even at 300°, but the indicated products are the 
lundilmonly ones that can be reasonably expected. The expression given for 


108 offmmthe reaction between hydrochloric acid and nitric acid is justified by 
rithinlmman experiment in which an excess of finely divided iridium was heated 
haat 300° for 120 hours with a mixture of 20 volumes of hydrochloric 
it, alfmmacid and 1 volume of fuming nitric acid. In the resulting solution, 
ed immo evidence was found of oxides of nitrogen, or of the ammonium 
phefmmadical or hydroxylamine. The pressure within the tube when opened 
{room temperature suggested the presence of nitrogen. Stoichio- 
mixammmetric calculations indicated the stage of valence of the nitrogen to 
. Tie not higher than zero. In this instance, with the oxidant entirely 
xturdimonsumed, the dissolved iridium was partly in the form of IrCl> 
sightfimend partly in the form of IrCl¢ ions. 
Sodium chlorate was also used as an oxidant largely because it could 
be added conveniently as weighed amountsofthecrystals. Its reaction 
ith hydrochloric acid to form chlorine is very rapid, even at room 
mperature. Consequently, the acid in the tube had to be frozen 
before the chlorate was introduced, 
The small variations in the ratio of the volume of liquid to that of 
rapor in the tubes, with consequent changes in the composition of the 
vo phases, have already been mentioned. When temperature was the 
variable under consideration, the composition of both phases also 
varied considerably because of the changing partial vapor pressures of 
he components and because of the changing density of the liquid. 
he composition of the system varied further as the reaction proceeded, 
nd to different extents if the total amount of reaction was not con- 
tant. At the optimum concentrations of chlorine a large part of the 
otal amount of chlorine present was consumed in the reaction. On the 
ther hand, the concentration of hydrogen chloride, which was always 
— to the amount of chloride ions consumed, was little af- 
ected. 
When sodium chlorate was used as the oxidant, sodium chloride 
as present as an additional component. It should also be pointed out 
hat the tubes contained about 1 ml of air at atmospheric pressure. To 
he oxygen from this source must have been added some produced by 
he reaction between chlorine and water at the elevated temperatures, 
inally, the formation of chloroiridate ions during the reaction intro- 
luced still another component into the system. For all these reasons 
le systems were much too complicated to permit considering the ob- 
ved rates of attack as in any sense characteristic of completely de- 
ined systems. Instead, they were considered only as having relative 
ignificance and as pointing the way to combinations of temperature 
id composition of the acid mixtures that could be used to get opti- 
hum rates of solution for the practical purposes of chemical operations. 
‘In the case of platinum, molecular chlorine in the presence of hydrochloric acid does not appreciably 


tack the metai at temperatures up to 100° C., whereas the familiar aqua regia does so readily, as do also 
ixtures of hydrochloric acid with certain oxidants other than nitric id, even ferric chloride. 
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III. EXPERIMENTAL RESULTS 
1. EFFECT OF VARIATION IN TEMPERATURE 


Preliminary experiments showed that mixtures containing a myq 
smaller proportion of nitric acid than that commonly used in aq 
regia (3 or 4 volumes of hydrochloric acid to 1 of nitric acid) were my¢ 
more effective than aqua regia in dissolving iridium at elevated ten 
peratures. A mixture of 20 volumes of concentrated hydrochloric ac 
(about 36 weight-percent of HCl) with 1 volume of fuming nitric acij 
(about 91 weight-percent of HNO ;) was used in many of the exper, 
ments in which nitric acid was the oxidant. With this mixture, th 
rate of solution of iridium was 0.05 micron per hour at 225° C. Aboy 
this the rate of attack increased rapidly with rising temperature, 4 
255° C the observed rate was 0.44; at 275° C, 1.3; and at 300° C, 2; 
microns per hour. Above 300° C there was some conflict in the ey; 
dence about a continuing increase in rate of attack. Since 300°C wa 
the maximum temperature that was convenient for operation with th 
facilities at hand, and since it was found to provide an adequate rate 9 
attack by suitably chosen reaction mixtures, no detaile 
made of reaction rates at higher temperatures. From the figures give 
for the interval from 225° to 300° C it will be seen that the variation 
rate with temperature is similar to that observed for chemical reactio 
in general. Supporting evidence was obtained in two series of experi 
ments, one at 250° and one at 300° C, in which the variable under stud 
in each series was the concentration of chlorine. For comparable con 
—— of chlorine the rate at 300° C was four or more times that 
250° C, 


2. EFFECT OF VARIATION IN THE CONCENTRATION OF 
HYDROGEN CHLORIDE 


In a preliminary series of observations at 260° C the ratio of 
volume of fuming nitric acid to 20 volumes of hydrochloric acid w: 
maintained, but the strength of the hydrochloric acid was varie 
from 27 to 45 weight-percent of HCl. This was done by mixing ordi 
nary concentrated hydrochloric acid, which contains 35 to 36 weight-pe 
cent of HCl, with water or with varying amounts of a fortified acid (4 
weight-percent of HCl), which was prepared by fractionally distill 
the ordinary acid and collecting the first fractions in a chilled receive 
The rates of attack observed with mixtures containing 27 and 3 
weight-percent of HCl were one-fifth and one-half, respectively, 
that observed with acid containing 35 weight-percent of HCl. Wit 
mixtures containing 40 and 45 weight-percent of HCl the rates were 
respectively, 5 and 8 times that of the solution containing 35 weigh 
percent of HCl. 

The total range in relative rates for these variations in strength 0 
added hydrogen chloride was thus 1 to 40. If all of the nitric ac 
added is assumed to react with hydrochloric acid to yield water, chl 
rine, and nitrogen, there is a drastic change in the effective concentra 
tion of hydrochloric acid in the mixture. On this assumption th 
concentration of hydrogen chloride changes from 27 to 11, from 35 « 
21, and from 45 to 34 weight-percent of HCl. On this basis ti 
extreme range in final concentration of the acid, as weight-percent 0 
HCl, is from 11 to 34, which corresponds to a threefold difference 
instead of from 27 to 45, in which the strongest acid is less tha 
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twice as concentrated as the weakest. When this work was done, 
the rates were not calculated in microns per hour, hence the results are 
emparable only among themselves and not with those observed in 
other series of experiments. 

Several other series of observations were made in which 0.050 g of 
gdium chlorate was used as the oxidizing agent instead of 0.05 ml of 
fuming nitric acid. This amount of sodium chlorate yields 0.100 g of 
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Ficure 2.—Effect of the amount of hydrogen chloride present after reaction with 
0.05 g of NaClO; on the rate of solution of iridium at approximately 250° C. 


[On page 369 is given a tabulation of the conditions under which the data were obtained] 


chlorine by reaction with hydrochloric acid. The reaction mixtures 
were prepared in each tube by measuring or weighing-in definite 


amimounts of water, chlorate, and hydrogen chloride. The results 


obtained at approximately 250° C are shown in figure 2.. In this 
figure the concentration is given in terms of the effective hydrogen 
chloride, that is, the weight of added hydrogen chloride corrected for 
that used to produce chlorine by reaction with sodium chlorate. The 
following are the conditions under which these observations were made. 
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H;0 Temperature experiment 
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The conditions under which the results of groups.A and B were en 
tained can be considered substantially identical. The relatively close 
agreement of the results of group C with those in A and B indicate that 
the ratio of hydrogen chloride to water is much less important than the 
absolute concentration of hydrogen chloride. However, the two Te- 
sults in group D, obtained with a much different ratio of hydrogen 
chloride to water, show that the relative concentration hassome bearing 
on the rate of attack. 
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Figure 3.—Effect of the amount of hydrogen chloride after reaction with 0.06 g of 
NaClO; on the rate of solution cf iridium at 300° C. 


Total time 44 hr. Amount of H:0: Curve A, 0.1 g; curve B, 0.2g. 


Figure 3 shows results obtained at 300° C. The concentration of 
acid is again expressed as the effective weight of hydrogen chloride in 
the system at the beginning of the period. Figure 3 shows that the rate 
of attack at 300° C increases rapidly with increasing hydrogen chloride 
content. Comparison with figure 2 shows that the change of rate is 
about 5 times as great at 300° as at 250° C, as described in a previous 
section. The variation in the ratio of hydrogen chloride to water in the 
two sets of data is substantially without effect. 

The data in figure 3 suggests that if the ratio of hydrogen chloride to 
water exceeds 4 or 5 to 1, the effect of increasing absolute concentration 
of hydrogen chloride falls off. This was borne out by four trials with 
iridium sheet in which an attempt was made to have present only hy- 
drogen chloride and chlorine, but, in two of the experiments, traces of 
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water were accidently introduced. These two showed slightly higher 
rates than the two in which water was thought to be absent, but the 
rates for the entire series were very low. They ranged from 0.008 to 
93 micron per hour. It is quite evident that some water must be 
present for the reaction to proceed at an appreciable rate. It appears 
that the presence of moderate amounts of water does not appreciably 
fect the rate; but there are indications that too much water, that is, 
nore water than hydrogen chloride, may reduce the rate. 

In an attempt to learn whether the rate of attack observed with hy- 
irogen chloride might reflect the effect of chloride ions rather than of 
hydrogen chloride, a series was tried in which lithium chloride was used 
to provide part or all of the chloride ions. In acid mixtures containing 
j5and 21 weight-percent of HCl with enough lithium chloride added to 
make the chloride ion concentration equivalent to that of 36 weight- 
percent of HCl, the results obtained were approximately the same as 
those with 36 weight-percent of HCl. A solution containing the same 
chloride ion concentration provided entirely by lithium chloride 
showed no attack of the iridium whatever, but a similar one containing 
| to 2 weight-percent of HCl showed an appreciable rate of attack. 
The maximum amount of lithium chloride that could be substituted 
for hydrogen chloride without markedly affecting the rate of attack 
was not determined. 

A few trials were also made of additions of ammonium chloride, po- 
tassium chloride, and sodium chloride, but only in moderately small 
amounts because of the limited solubility of these substances in the acid 
mixture. It was not possible to draw definite conclusions from these 
trials, but they suggest that further study of such systems might be of 
interest in developing procedures that would tavcbve total pressures 
comes lower than those encountered when hydrochloric acid is used 

one. 

In the study of the rate of attack as a function of concentration of 
hydrochloric acid the highest rate observed was 51 microns per hour, 
with a water-hydrogen chloride mixture containing 84 weight-percent 
of the latter, at 300° C. At this rate a period of 20 hours would be long 
aough to dissolve a piece of iridium 2 mm thick. It is true that an 
aid mixture of that strength is hardly practicable in ordinary ana- 
lytical work. On the other hand, the liquid-vapor ratio was consid- 
ably below the optimum. Likewise, the chlorine concentration 
(0.1 g of chlorine per ml of acid) was much higher than the optimum, 
as will be shown in the next section. By proper selection of conditions, 
rates of at least 25 microns per hour can be attained without the use of 
fortified hydrochloric acid. 


3. VARIATION IN THE CONCENTRATION OF CHLORINE 


It has already been noted that a mixture of one volume of fuming 
utc acid (91 weight-percent of HNO,) with 20 volumes of hydro- 
chloric acid (36 weight-percent of HCl) was found to attack iridium 
much more rapidly than the usual aqua regia mixture. The mixture 
containing the smaller proportion of nitric acid dissolved iridium 20 
times as fast as did ordinary aqua regia. When the ratio of nitric 
acid to hydrochloric acid was ia ae ae iaaa to 1:40, the rate of 
attack again increased, by a factor of 3. A partial explanation lies 
in the fact that the reaction between the two acids at the high temper- 

615691445 
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atures of the experiments results in an increase in the amount of wate 
in the system (in proportion to the amount of oxidant added) and g 
corresponding decrease in the amount of hydrogen chloride. Hence 
the loss in concentration of the hydrochloric acid is less with the smalle, 
proportion of oxidant. If the reaction yields water, chlorine, and 
nitrogen, the strength of the hydrochloric acid in the 1:20 and 1:49 
mixtures mentioned above can be regarded as changing from an initia] 
concentration of 36 ip aps Sag of HCl to 20 and 28, respectively. 

Later experiments, in which chlorine, as such, was used as the 
oxidant, thus maintaining a constant amount of hydrogen chloride 
in the system except for the small amount consumed io the formation 
of IrCl> ions, showed that the rate of attack varied markedly as 
function of the concentration of chlorine. Four groups of these 
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Ficure 4.—Effect of the amount | Bam sae on the rate of solution of iridium in 
1 ml of 36 weight-percent of HCl at 300° C. 


Curve A, for 1 hr; curve B, for 4 hr, 


observations are shown in figures 4 and 5. In the experiments 
recorded. in figure 4, the conditions kept constant were the quantity 
of hydrochloric acid and the temperature. The three higher rates 
shown in series A are lower than the true values for the corresponding 
concentrations of chlorine because the pieces of iridium were nearly 
destroyed, with a consequent marked decrease in surface area toward 
the end of the period of attack. 

Figure 5 shows two sets of results obtained with 1 ml of acid in a 2-ml 
tube, heated for one-half hour at 300° C. Chlorine, A, and sodium 
chlorate, B, were used as the oxidants. The — of the hydro- 
chloric acid, after allowing for that consumed by the reactions with 
chlorate, was 28 weight-percent (corresponding to 0.35 g of HCl in the 
system). To correlate dude results with the preliminary observations 
on varying amounts of nitric acid it should be pointed out that 1 ml of 
a 1:40 mixture of hydrochloric-nitric acid would contain the equiva- 
lent of 0.1 g of chlorine. Thus, the results obtained previously with 
that mixture should correspond approximately to those obtained with 
the largest concentration of chlorine shown in figure 5. Although the 


4 Although the chlorine formed a separate liquid phase in these systems at room temperature the ext” 
phase disappeared much below 300°C. 7 
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variations shown in — 4 and 5 are not as regular as might be de- 
sired, it appears that, beginning with very low concentrations, there is 
at first a rapid increase in the rate of solution to a fairly well-defined 
maximum, after which the rate declines sharply at first and then more 
gradually. The same behavior is shown in figure 6, in which are given 
the results of a group of observations similar to the others, except that 
the temperature was 250° C. The period was 1 hour. The oxidant 
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Ficurg 5.—Effect of the amount of chlorine on the rate of solution of iridium with 
constant concentration of HCl when heated % hour at 300° C. 


Curves, A, 1 ml of 28 weight-percent HC! with added chlorine; B, solution equivalent to A, but with the 
chlorine supplied by additions of NaCl0s. 


























was sodium chlorate. In this group the net hydrogen chloride content 
of the acid varied, because no adjustment was made for the acid used 
by reaction with chlorate, from 36 weight-percent for the lowest con- 
centration of chlorine to 28 weight-percent for the highest. In this 
series sodium chloride was added in varying amounts so that the total 
sodium chloride content, taking into account that yielded by the so- 
dium chlorate, was constant. This was done to obviate any possible 
effect of changes in the concentration of this component. 
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A few experiments were performed with perchloric acid as the ox. 
dant. In this system, and in the nitric acid-hydrochloric acid system 
all the oxidant is not immediately available as chlorine. Consequently 
the variation in rate of attack with varying concentration of oxidant is 
not directly comparable with the results obtained with chlorine an 


with sodium chlorate, 
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Ficure 6.—Effect of the amount of chlorine, produced from sodium chlorate, on the 
rate of solution of iridium, in 1 ml of 86 weight-percent HCl, when heated 1 hour al 
250° C. 





























The amount of chlorine consumed by reaction with iridium at low 
concentrations of chlorine caused @ change in its concentration, since 
the iridium surface was large compared with the amount of reaction 
mixture. In figure 6, for example, in the experiment that gave the 
highest rate, the amount of chlorine left at the end of the reaction 

eriod was 0.017 g, as against 0.020 g at the beginning of the period. 
he results of similar experiments in tubes of larger capacity, where 
the volume of reaction mixture was five times as great, but with the 
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same area of iridium and the same concentration of chlorine in the 
reaction mixture, are shown by curves B and C in figure 7. 

Figures 4 to 7, inclusive, show that careful attention must be given 
to the concentration of chlorine in determining the optimum con- 
ditions for the solution of iridium. These figures indicate that the 
optimum concentration is in the range 0.02 to 0.04 g of chlorine per 
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FicurE 7.—Comparison of the initial rates of solution of iridium at the lower 
concentrations of oxidant with larger amounts of reaction mizture. 


4, Volume of solution used was 1 m} of 36 weight-percent HC] plus the chlorine. Heated 1 hour at 250°C; 
B, volume of solution used was 5m! 36 weight-percent of HCI plus the chlorine. Heated 1 hour at 251°C; 
C, volume of solution used was 5 m1 36 weight-percent of HC] plus the chlorine. Heated 2 hours at 251°C. 
For gum pariece with other curves, the amounts of chlorine used in obtaining curves B and C have been 
divided by 5 and plotted as the grams of chlorine per 2 m! capacity of reaction chamber. 
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milliliter of hydrochloric acid. If an initial concentration of 0.04 
g/ml is used, the amount of reaction mixture should be adjusted to 
the amount of iridium to be dissolved, so that the final concentration 
of chlorine will not be much less than 0.02 g/ml. 
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4. MISCELLANEOUS OBSERVATIONS 


In view of what has been said earlier about variation of composition, 
in the liquid and gas phases, it may be of interest to note that th 
reaction should not be considered as occurring in the liquid phag 
only. The reaction tubes were placed in the oven horizontally, by, 
since they were never more than half full of liquid the pieces of iridiyn 
were not necessarily always completely immersed. To get: infor. 
mation on this point, a few experiments were conducted in tubes half 
of whose length was offset about a centimeter from the other half 
With the tubes so placed that the offset was vertical, the lower jl 
would be completely filled with liquid, while the other half contained 
no liquid except small amounts that might result from a process of 
distillation within the tube or from the formation of liquid reactiog 
products. 

Simultaneous exposure of two pieces of iridium, one in each end of 
the tube, showed as the average of one series of three, 2.5 times more 
rapid attack in the vapor than in the liquid. In these experiments 
perchloric acid was the oxidant. In two other trials, with chlorine 
as the oxidant and at a somewhat higher effective concentration of 
chlorine, the average rate in the vapor was 0.6 of that in the liquid; 
The average for both phases was higher in the second group by a 
factor of 1.5. So many factors may have affected the results that, 
without further study, no more should be concluded from them than 
that the reaction is by no means limited to the liquid phase. 

Of the various substances that can be used in the acid mixtur 
as a source of chlorine, it was thought that perchloric acid might have 
an advantage because it reacts relatively slowly with hydrochloric 
acid at temperatures below 300° C. For this reason it might be 
expected to maintain desirably low concentrations of chlorine in the 
mixture and at the same time ultimately provide the total amount 
needed for the solution of iridium in a relatively small volume of 
reaction mixture. To explore this point a study was made of the 
reaction between hydrochloric acid and perchloric acid at 250°, 275°, 
and 300°C. At 250°C it was found that with an initial mixture 
containing 1 milliliter of hydrochloric acid (36 weight-percent of HC) 
and 0.1 ml of perchloric acid (60 weight-percent of HCIO,), which 
would yield 0.7 g of chlorine, the reaction between the two was about 
half complete in 40 hours. At 275° and at 300° C the reactions were 
about half complete in 3 hours and in one-half hour, respectively. 
At 300°C, therefore, perchloric acid does not have much advantage 
as a means of supplying chlorine over the entire period in which a 
sample of iridium or one of its alloys is likely to be exposed to the 
reaction mixture. At lower temperatures it may be expected to act 
in the desired manner, unless its reaction with hydrochloric acid is 
catalyzed by the iridium or the reaction products. It has the very 
real advantage of not reacting at all with hydrochloric acid at room 
temperature. Thus it can be added to hydrochloric acid without 
making it necessary to chill the tube before sealing, as must be done if 
sodium chlorate or chlorine is added. Tubes containing nitric acid 
and hydrochloric acid in the proportion suitable for this work can be 
sealed without chilling. However, nitric acid may possibly have 4 
specific disadvantage because of its tendency to introduce nitroso 
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groups into the chloro complexes of certain platinum metals, notably 

thenium. 
9 few trials of hydrogen peroxide as the oxidant suggested that 
it also acted as a source of chlorine by reaction with hy loric acid, 
but the rate of attack on iridium was less than was obtained with 
other sources of chlorine. It is possible that some of the peroxide 
dissociates to form water and oxygen and that the oxygen does not in 
turn come to equilibrium with hydrogen chloride to form water and 
chlorine during the period of the experiment. In one instance this 
was 16 hours at 250° C and in another 1 hour at 300°C. Hydrogen 
peroxide has further disadvantages in that, for a given yield of chlorine, 
its reaction with hydrochloric acid produces twice as much water as 
does perchloric acid, and that the strongest commercially available 
reagent contains 70 percent of water, whereas perchloric acid contains 
only about half as much and sodium chlorate none. 

ania in hydrochloric acid solution, was found to attack iridium 
considerably less readily than chlorine. An even smaller rate of 
attack by iodine was not distinguished with certainty from that pro- 


‘duced by the air present. So far as they went, the experiments with 


bromine seemed to indicate a nearly constant rate of attack over a 
range of concentrations equivalent to 0.05 to 0.20 g of chlorine, the 
range in which the rate of attack by chlorine rapidly declines with 
increasing concentration. é 
Ferric chloride, in a single experiment, produced a significant rate 
ofattack. Experiments by McCaughey * show that the rate of attack 
on gold by solutions of ferric and cupric salts increased with increasing 
concentrations of the oxidants (in a low range of concentrations). 
This might be of interest, in view of the relatively low oxidation 
tential of ferric chloride, in studying the =echanism of the reaction 
y which iridium is dissolved, but it was not further explored. 
Oxygen (other than that in the air remaining in the tubes after 
sealing) was not used in this investigation as the oxidant. However, 
Tronev and Bondin*’ have made some studies on the solution of 
platinum, iridium, and rhodium under higher air pressures. In their 
investigation the increase of pressure is really an increase in con- 
centration of the oxidant. The maximum amount they used was 
stoichiometrically equivalent to about 0.04 g of chlorine in a 2-ml tube. 
Bromine in hydrobromic acid solution (48 weight-percent of HBr) 
was also tried, but the rate of attack was considerably less than that 
with equivalent concentrations of chlorine and hydrochloric acid. In 
one trial, a small quantity of potassium iodide was added to a system 
containing hydrochloric acid and chlorine, but no significant effect was 
produced. A this system the end product is a compound of trivalent 
indium rather than of the quadrivalent metal. There is no apparent 
advantage gained by substituting bromo- or iodo-complexes for the 
chloroiridate ion as the end product of the reaction. 


5. PREPARATION OF SAMPLES FOR ANALYSIS 
Among the materials on hand suitable for practical trials of the new 
procedure was a granular, impure iridium containing particles up to 
'W. J. Lmarnegaace Am. Chem. Soc. 81, 1261-70 (1909). 


'V. G. Troney, and 8. M. Bondin, Ann. secteur platine, Inst. chim. g6n. (USSR) 18, 113-23 (1938). 
rY. Troney, Compt. rend. acad. sci. URSS 16, 655-8 (1937) in German: A résumé of the preceding 
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nearly a millimeter thick. This material has the interesting history of 
having been recovered over a considerable period of time from the 
anode residues obtained during the electrolytic refining of gold in the 
United States Assay Office at New York. It contains some ruthe. 
nium but virtually no other platinum metals. To get it into solution 
for analysis would ordinarily pose a difficult problem. During the 
early trials of the procedure 1.5 g of this material was attacked with 15 
ml of a fortified hydrochloric acid (47-48 weight— t of HCl) and 
0.75 ml of fuming nitric acid (91 weight-percent of HNO;). This was 
done in a 15-mm Pyrex tube protected by a compensating pressure of 
3,590 to 4,000 Ib/in.? in a steel shell. After heating for 24 hours at 300° 
C a few undissolved grains were still visible. After the tube was heated 
2 days longer at 300° C there was left one tiny grain of metal and a few 
grains of sandy, nonmetallic material. Although the fortified hydro- 
chloric acid in this early trial was favorable to a rapid rate of attack, 
the quantity of nitric acid used was very much larger than the op- 
timum. 

A 2-g sample of the same material was heated at 300° C with 20 ml of 
hydrochloric acid (36 weight-percent of HCl) and about 2 g of chlorine. 
After 24 hours there was a small residue. In this instance also the 
amount of oxidant used was too large. 

Samples of about 1.5 g of a coarse-grained California mineral, which 
subsequent analysis showed to contain approximately equal amounts | 
of iridium, osmium, ruthenium, and platinum (with minor amounts of 
rhodium and iron), were treated with 20 ml of hydrochloric acid (36 
weight-percent of HCl) and 1 g of sodium chlorate (equivalent to 2 g of 
chlorine) at 300° C for 24 hours. Solution was pong, oh Nuggets of 
an Alaskan mineral high in iridium, weighing from 1.1 to 1.6 g, also 
were completely dissolved in a mixture of 15 ml of hydrochloric acid 
(36 weight-pereent of HCl) and 0.4 to 0.7 ml of a solution of 60 weight- 
percent of perchloric acid when heated at 300° C for 24 hours. 

In this laboratory the mixture commonly used to dissolve ordinary 
platinum in open vessels consists of 4 volumes of hydrochloric acid 
(36 weight-percent of HCl), 1 volume of water, and 1 volume of nitric 
acid (70 weight-percent of HNO,).6 This is not the most favorable 
mixture for use in sealed vessels at about 100° C as will be seen from 
table 1. A companion experiment, in which a mixture of 1 ml of 


TaBLze 1.—Rates of attack of pure platinum at 100° C with different miztures of 
hydrochloric and nitric acid 











Acid mixture, parts by 
volume Rate of 
attack 
HCl HNO;,| H;0 
Microns/hr 
4 1 1 100 
4 Fee geen A 157 
8 Be eae 167 
2 TRS apart 119 
100 Saat ea a % 




















® The nitric acid used in the first mixture was the ordinary acid (70 weight-percent of HNO,). In the 
others, fuming acid (91 weight-percent of HNO,) was used. 


8 This mixture, which involves slight dilution with water, has very nearly the chloride cones 
ny hm ai tania methane atarcarneniia esiss seale than the 
undilu ture. 
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of Mg hydrochloric acid and 0.05 g of sodium chlorate was used, showed a 
rate of attack of 167 microns per hour. 

Platinum alloyed with as little as 10 percent of iridium is dissolved 
only aon by aqua regia in open vessels at the temperature of the 
seam bath. In the course of analyzing a large number of samples 
of platinum-iridium alloys it has been found very useful to seal the 
samples (weighing about 0.5 g and in the form of chips 0.1 to 0.2 mm 


= 
co 













d Mithick) in 8-mm tubes with 5 ml of a mixture of 8 to 10 volumes of 
3 Mm hydrochloric acid and 1 volume of nitric acid. When the tubes are 
of Mmheated overnight at about 110°C, solution is accomplished with a 
° Hi ninimum of inconvenience. At 110° C tubes of this size, of standard 
d Mivall thickness, need no external protection. 


IV. BEST OPERATING CONDITIONS’ 


On the basis of the foregoing discussion and of other experience in 
this laboratory, recommendations can be made as to desirable con- 
of ditions for the solution of refractory platiniferous materials in hydro- 
e Machlric acid mixtures at elevated temperatures. By a suitable choice 
, Mgof conditions, samples to be analyzed can be converted into a solution 
fof chloro-compounds in a small volume of acid, without contamination, 
vithout loss of volatile reaction products such as osmium tetroxide, 

and without the use of unusual equipment other than the steel shell 
of Wn which the larger tubes must si placed to protect them against 
5 Meexcessive internal pressures. 


of 
of 1, QUANTITY AND STRENGTH OF HYDROCHLORIC ACID 
‘4 For most materials ordinary concentrated hydrochloric acid (about 


36 weight-percent of HCl) is satisfactory. For unusually large parti- 
des or for exceptionally refractory materials it is desirable to use a 
stronger acid. Concentrations up to about 50 weight-percent of HCl 
4 are conveniently prepared by distilling some of the ordinary acid 
© BB through a condenser cooled with very cold water into a receiver packed 
. nice. Ratios of hydrogen chloride to water, higher than 1 to 1, can 
be prepared by condensing dry hydrogen chloride on top of frozen 
r water. The amount of acid used must be sufficient to produce the 
best ratio of acid to oxidant which is 20 g of HCl to 1 g of Ch. 
of Not less than 4.2 g of HCl should be used for each gram of sample. 
lfordinary acid is used, 10 ml of acid per g of sample is the minimum. 
Alarger quantity, up to 20 ml per g , will hasten complete solution. 


2. NATURE AND QUANTITY OF OXIDIZING AGENT 


The best quantity of oxidizing agent for the solution of iridium at 
260° to 300° C is 0.025 g of Cl, per milliliter of internal tube volume, 
— as chlorine or by the action of any chlorine-producing 
oxidant. 

_ Perchlorie acid,® preferably of 70 weight-percent, is the most conven- 
nt oxidant to use if the reaction is to be conducted at temperatures 
above 250°C. At lower temperatures it reacts too slowly with hydro- 
thloric acid to be suitable, and nitric acid or sodium chlorate should 

used instead, the latter only if there is some reason to avoid the 


niabepbateeanibaasames 
win NING. —It organic matter is present there is danger of explosion by reaction with the perchloric 
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possible formation of nitroso compounds, such as (RuNOC,)= 
For each gram of sample consisting predominantly of iridium, osmiyn, 
or platinum, 0.22 ml of perchloric acid of 70 weight-percent of HCi0, 
should be used. If nitric acid is used as the oxidant, 0.27 ml of the 
ordinary acid (70 weight-percent of HNO) or 0.19 ml of the fum; 
acid (91 weight-percent of HNQs;) corresponds to the 0.22 ml g 
perchloric acid solution. The corresponding weight of sodium chlorat 
is 0.37 g. If the sample contains significant amounts of rhodium o; 
ruthenium, a larger amount of oxidant should be used, in proportion 
to the smaller equivalent weight of these metals. It should be note 
that if perchloric acid is used at temperatures much below 300° sony 
of it is likely to remain if the period of heating is not over 24 hous, 
Its presence may be undesirable in later analytical operations; fo 
example, osmium or ruthenium tetroxide may be evolved if the solu. 
tion is evaporated by heating. 

For iridio-platinum alloys, which can be dissolved at temperatures 
as low as 100° to 150° C, perchloric acid is not recommended. For 
these alloys about 0.27 ml of nitric acid (70 weight-percent of HNQ,) 
per g of metal is desirable, or sodium chlorate, 0.37 g per g of metal 
can be substituted. 


? 


3. TEMPERATURE 


‘ In general, the temperature at which the reaction is conducted 
should be no higher than is necessary to get complete solution ina 
convenient length of time, for example, in 18 to 24 hours. Temper 
atures as high as 300° C will be needed for only the most refractory 
materials, unless the sample particles are unusually large. Inspection 
of the tubes, after a trial period, will indicate whether the temperature 
need be raised to get complete solution within the desired time. As 
noted previously, perchloric acid probably is not satisfactory as the 
oxidizing agent if the reaction is to be conducted below 250° C, or if 
there is organic matter present in the sample. 


4. DIMENSIONS OF REACTION TUBE 


The tube should be no larger than is necessary to accommodate, whan 
half to two-thirds full, the quantity of acid to be used. For the 
amounts of acid needed for 1 to 1.5 g samples, heavy-walled Pyrex 
tubes of 15 mm bore, about 20 cm long, with 4- by 8-mm stems (see 
fig. 1) are very satisfactory. If larger samples are to be treated it 
will be desirable to increase the length of the tubes, rather than their 
diameter, or to divide the sample among several tubes. 


5. PROTECTION AND HANDLING OF THE SEALED TUBES 


The technique of filling, sealing, protecting and opening such tubes 
is described elsewhere.’® The filled and sealed tubes are placed in 
steel shell, provided with a cap and gasket, into which previously has 
been placed sufficient calcium carbonate to neutralize'all the acid in the 
tube in the unexpected event of its breaking. Solid carbon dioxide is 
then added in an amount calculated to give the desired pressure at the 
operating temperature. These approximate pressures to be expected 

%” ©, L. Gordon, W. G. Schlecht, and E. Wichers, Use of sealed tubes for the ee of acid solv 


a Ae — for analysis or for small scale refining: Pressures of acids heated above 100° C, J. Research NBS 
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by heating acid mixtures can be predicted as being nearly that of the 
hydrochloric acid used, provided the ratio of hydrochloric acid to ox- 
dant is at least 10:1. Hence the use of hydrochloric acid of 23, 37, and 
48 weight-percent HCl in the amount of slightly less than one-half 
ml in 1 ml of internal capacity of the sealed tube may be expected at 
390° C to reach pressures of at least 2,000, 3,630, and 4,730 lb/in., re- 
spectively. ‘The amounts of solid carbon dioxide that produce these 
pressures at 300° C are 0.14, 0.24, and, 0.31 g of CO, per ml of free 
space surrounding the sealed tube. 

After the carbon dioxide has been introduced the cap is quickly 
screwed on and the shell is immersed in water to test for leakage of the 
carbon dioxide around the gasket. The shell is then tilted gently a few 
times to distribute the sample within the tube, then placed horizon- 
tally in an oven and heated to the desired temperature. After cooling 
and removing the tube from the shell, it is chilled by immersion in a 
slush of dry ice in a 1:1 mixture of chloroform with carbon tetrachlo- 
ride. This lowers the internal pressure sufficiently so that the tube can 
be opened without danger. 

If osmium or ruthenium is thought to be present, immerse the 
opened end of the tube in a solution of approximately 20 weight-per- 
cent of HCl saturated with sulfur dioxide, and allow the contents of the 
tube to drain into this solution, so that the volatile oxides of ruthenium 
and osmium will not escape. If this is done, the solution should be 
evaporated and digested with hydrochloric acid to decompose sulfite 
complexes of the platinum metals before proceeding with the analysis. 


WasHINGTON, May 25, 1944. 
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IMPROVED REFLUX REGULATOR AND HEAD FOR 
LABORATORY DISTILLING COLUMNS? 


By Charles B. Willingham’, and Frederick D. Rossini 


ABSTRACT 


A reflux regulator and head for laboratory distilling columns is described 
that is an improvement over the one previously in use (see J. Research N. B. 8. 
%, 509 (1939) RP1249) in the distillation laboratory at the National Bureau of 
Standards in connection with the work of the American Petroleum. Institute 
Research Project 6. The improvements are in better measurement of the tem- 
perature of the liquid-vapor equilibrium, in reduction of the hold-up, and in 
increase in the mechanical strength. 


CONTENTS 
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III. Discussion 
IV. References 


I, INTRODUCTION 


A reflux regulator and head for laboratory distilling columns that 
was used through 1943 in the distillation laboratory at the National 
Bureau of Standards in connection with the work of the American 
Petroleum Institute Research Project 6 was previously described [1]. 
Because of the then limited height (135 inches) in the distillation 
laboratory, the previously described head was so designed as to 
require a minimum of space (about 6 inches) between the ceiling and 
the top of the packing in the rectifying section of the distilling column. 
This requirement was met by means of certain compromises in design 
that were no longer necessary when the laboratory was moved at 
the end of 1943 to a new location having a ceiling height of about 
320 inches. This paper describes the improved reflux regulator and 
head for laboratory distilling columns for use in locations having 
adequate height.. The improvements are in better measurement of 
the temperature of the liquid-vapor equilibrium, in reduction of the 
hold-up, and in increase in mechanical strength. 


' This ieveeiention is part of the work of Research Project 6 of the American Petroleum Institute, from 
whose research fund financial assistance has been received. 
Associate at the National Bureau of Standards, representing the American Petroleum 


lnstitute, 
'The figures in brackets indicate the literature references at the end of this paper. 
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FicurE 1.—Assembly of reflux regulator and head. 


A, Metal housing and control, with metallic bellows, as described in figure 3 of reference [1]; B, Pyrex- 
glass part of the apparatus, as shown in figure 2 of this paper; C, platinum-resistance thermometer (a ther- 
moelement or other thermometer may be used); D, boundary of the thermal insulation on the finished 
head; E, drop counter, with dimensions as shown in figure 2 of reference [1]; F, top of jacket assembly; @, 
top of rectifying section, showing vacuum jacket; X, Y, places where the glass head (as shown in figure? 
of this paper) is sealed to the rectifying section and to the drop counter, respectively. 
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Ficure 2.—Details of the glass part of the apparatus, 


4 A, Section Sowing ne pening in paix. of condenser; B, portion connecting condenser with ground-glass 

od nalve; C,t 0. 12 AWG; D, male ground joint, standard taper, 12/20; E, porti wk oo extra- 

G beavy wall; you. to direct liquid ‘from the condenser to the thermometer well; G, itto or seal- 

3 ly to rectifying tube (should be smooth and have its plane perpendicular to the axis of the ent 
well); H, clearance (to be not less _ 15 mm); J, ground-glass valve, 1 in 5, small end 4 mm, large 
td 6 mm, length 10 mm, A poe or high vacuum. Pyrex laboratory : entire assembly to be thor- 
wghly annealed. Note: dimensions in millimeters. 
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II. APPARATUS oe 


The assembly of the new reflux regulator and head is shown ;m?”' 
figure 1 of this paper, the legend to which gives the significance of". 
the various letters. For comparison, the reader is referred to frye 
1 of reference [1]. , yacull 


The details of the glass part of the new reflux regulator and head ars mult 


shown in figure 2 of this paper, the legend to which gives the signif P 
icance of the various letters. For comparison, the reader is referred al. 
figure 2 of reference [1]. is pro 
figure 

III. DISCUSSION contr 


temp 
The previous design of this type of reflux regulator and head (a) hada 2-9 
a nonlubricated glass valve, (b) utilized a minimum of height above the 
rectifying section of the column, (c) provided a substantially constant 
rate of removal of distillate for each setting of the valve, (d) provided 
for estimation of the ‘‘throughput”’ and reflux ratio, (e) provided space 
for a thermometric device, and (f) had a flexible metal partition {o 
permitting distillation at pressures below or above the prevailing at 
mospheric pressure. 

ith (b), the requirement as to height, being eliminated, the nev 
design retains (a), (c), and (f) unchanged, loses the advantage of (d); 
and provides considerable improvement under (e). In addition to the 
important marked improvement as to the measurement of the tem 
perature of the liquid-vapor equilibrium in the head, the new design pro 
vides considerable improvement in the mechanical strength of the ap- 
paratus, reduces the hold-up in the head to a minimum by eliminating 
the return U-tube, and provides an opening for returning liquid to the 
column during periods of total reflux without stopping the distillation. 

In the previous design, the base of the ground-glass valve was a ver 
weak place structurally. In the new design this weakness has beer 
eliminated by utilizing the pressure-equalizing tube from the cold end 
of the condenser as a supporting structural member. 

It should also be pointed out that in the previous design, the metal 
lic bellows was located at the hot side of the condenser, which location 
made it possible for a small amount of the hot liquid passing the valve 
to condense in the bellows. Actually, the amount of such condensation 
was found to be substantially negligible. In the new design, however 
the possibility of such condensation has been entirely eliminated by 
placing the bellows on the cold side and at the top of the condenser. 

With the condenser being placed vertically, a given size condense 
tube will handle a much larger “throughput” than in the previous de 
sign, where the condenser tube was slanted to about 8% degrees above 
the horizontal. The size of condenser tube shown in figure 2 of this 
paper will handle 25 to 35 ml of liquid per minute, for hydrocarbons 0 
the gasoline and kerosine ranges. For a given flow and temperature 0 
the cooling water, the capacity can be increased or decreased by appro 
priately changing the diameter and length of the condenser tube. Fo 
use in this laboratory, a larger size, to handle 40 to 60 ml of liquid pe 
minute, has been made witi. changes in the dimensions of the con 
denser, as follows: Length of condenser tube, increase from 300 to 360 
mm; diameter of inner and outer tubes of condenser, increase from | 
to 18 mm and from 32 to 35 mm, respectively. 
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In connection with the measurement of the temperature of the liquid- 
apor equilibrium in the head, the new design provides space for a 25- 
yhm platinum resistance thermometer, with adequate depth of im- 
nersion, the thermometer proper being actually well down inside the 
acuum-jacketed part of the on section. If it is desired to use a 
multiple junction thermoelement for the measurement of temperature, 
hth the diameter and length of the thermometer well can be decreased. 
An indication of the adequacy of the provision for the thermometer 
is provided by the fact, that in a distilling column arranged as shown in 
fgure 1, with a platinum resistance thermometer and with the pressure 
controlled (near 725 mm) constant to +0.2 mm Hg, the readings of 
temperature taken hourly showed normal variations of not more than 
+0.01° C, for periods up to 200 hours, when a pure compound was dis- 
tilled [2]. 
IV. REFERENCES 
| F. D. Rossini and A. R. Glasgow, Jr., J. Research NBS 23, 509 (1939) RP1249. 


l 
2] C. B. Willingham and F. D. Rossini, National Bureau of Standards. Un- 
published data. 
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PREPARATION OF SALTS OF GALACTURONIC ACID FROM 
BEET PULP 


By Horace S. Isbell and Harriet L. Frush 





ABSTRACT 


This investigation demonstrates that dried beet pulp can be hydrolyzed by a 
commercial pectic enzyme, and that calcium galacturonate, sodium calcium 
glacturonate, and sodium strontium galacturonate can be obtained readily from 
the hydrolyzate. The crystalline salts are obtained by neutralization of the 
hydrolyzate with suitable bases, followed by concentration. Samples of dried 
beet pulp gave calcium galacturonate, sodium calcium galacturonate, and sodium 
neta yma ea in yields corresponding to 105 g, 227 g, and 255 g/kg, 
respectively. 

t is also shown that sodium strontium galacturonate can be separated, at least 
insome cases, directly from silage drainage liquor. The occurrence of galacturonic 
acid in the drainage liquor suggests the possibility of developing a process in which 
hydrolysis is effected by organisms grown in beet pulp. 
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I. INTRODUCTION 


In connection with the development of a process for the synthesis 
vitamin C [1],' a cheap source of galacturonic acid was needed. In 1939 
Ehrlich found that the polygalacturonide, now known as pectic acid, 
a product of the hydrolysis of the original pectic substances of plants 
when treated with an enzyme prepared from a “Penicillium ehrlichii." 

ives galacturonic acid in high yield [2]. Even prior to that time 
illaman and Kertesz had developed a method and enzyme for ¢. 
fecting the hydrolysis of pectic substances in fruit juices [3]. Shortly 
thereafter a pectic enzyme preparation, presumably the same as that of 
Willaman and Kertesz, was produced y Rohm-and Haas and sold 
under the trade name of ‘‘Pectinol.’”’ A process developed by Motte 
and Cole [4] involved treating pectic acid with Pectinol and extracting 
alacturonic acid from the hydrolyzate with ethyl alcohol. Pigma 
5] improved the process by the use of methyl alcohol instead of ethy| 
alcohol. Although the method is fairly simple, it is nevertheless ¢y. 
pensive because of the cost of the pectic acid and of the alcohol nm 
quired in separating the galacturonic acid from the accompanying im 
purities. A study was therefore made of the salts of galacturonic acid 
with the object of finding a salt of relatively low solubility, whic 
would be suitable for the separation of the acid [6]. In the course 9 
the work 12 new crystalline salts were prepared. Several of thes, 
especially sodium strontium galacturonate, sodium calcium galactu. 
ronate,? and calcium galacturonate were found to be useful for the 
separation of galacturonic acid from solutions containing substantial 
amounts of impurities. The way was thus opened for the a 
of galacturonic acid from the hydrolyzates of piant materials by seps- 
rating the acid as a difficultly soluble salt. It has been known for some 
time that the pulp remaining after the separation of sugar from sugar 
beets, contains substantial quantities of pectic substances, which can be 
hydrolyzed to yield arabinose, galactose, methyl alcohol, acetic acid, and 
galacturonic acid [7]. Hence beet pulp provides a vast potential source 
of galacturonic acid. The application of the new salts to the separ- 
tion of galacturonic acid from hydrolyzates of beet pulp is the subject 
of the present paper. In a separate publication [8] the use of sodium 
strontium galacturonate for the preparation of galacturonic acid from 
citrus pectic acid, pectin, and the residues of the citrus fruit industry 
is reported. 


II. ENZYMATIC HYDROLYSIS OF DRIED BEET PULP 


There are at least three types of enzymes involved in the hydrolysis 9 
pectic substances: protopectinase, pectase, and pectinase[9]. Protopect 
nase causes the formation of soluble pectins from protopectin, the original 
pectic substance; pectase removes the methoxy] groups from soluble peo 
tins, — pectic acid, which in the presence of calcium or other alkaline 
earth salts forms gels; pectinase causes hydrolysis of the glycosidic link- 
ages in pectins and pectic acid, with the formation of galacturonic acid, 
arabinose, galactose, and other simple substances. Ehrlich discoverel 
a mold growing on sugar beets, Penicillium ehrlichii, and used it for 
the preparation of an enzyme which causes complete hydrolysis 

Figures in brackets indicate the literature references at the end of xf 


ry th 
om salt was prepared independently by R. Pasternack and P. P. Regna. See U. S. Patent 2,338, 
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pectic acid [2]. He also obtained an active protopectinase preparation 
from Penicillium glaucum, and showed that in small quantity it causes 
xtensive dissolution of beet pulp [10]; he did not report the compo- 
ition of the resulting hydrolyzate. 

The availability of a commercial pectic enzyme, and of the diffi- 
cultly soluble salts of galacturonic acid, led to our attempt to prepare 
alacturonic acid directly from beet pulp. It was known that Pectinol 
causes complete hydrolysis of pectic acid [4] and of soluble pectins 
{11], but it was not known whether it would attack the protopectin in 
he cell walls of the beet root. 

When dried beet pulp* in water suspension was treated with 
Pectinol, a large portion of the pulp liquefied within the first 2 days, 
and the mixture became strongly acid. In our early experiments, the 
yidity was adjusted at the beginning to pH 3.7, approximately the 
ptimum point for the sg ier of pectic acid by the enzyme. It was 
found, however, that the acidity of the beet pulp-Pectinol mixture 
son approached the optimum point without the addition of acid, and 
hence the preliminary acid treatment was discontinued. The increase 
n acidity may be ascribed to the presence of an esterase in the enzyme 
preparation. ‘The conversion of over 65 percent of the dried pulp to 
soluble solids shows that Pectinol contains an enzyme (protopectinase) 
hat attacks the original pectic substances of the beet root. The 
mount of hydrolysis depends to some extent upon the amount of the 
mzyme used, but there is no direct proportion. Thus 46 percent of 
he pulp was converted to soluble solids in 2 weeks by the action of 
5g of Pectinol per kilogram of beet pulp, whereas 66 percent of the 
Aa was converted by the action of 100 g of Pectinol. Because of 
he heterogeneous character of the beet pulp-Pectinol mixture, calcula- 
ion of the velocity constants was not attempted. A few curves, 
however, are given in figure 1 to show some of the changes that take 
lace during the hydrolysis. In other experiments the hydrolyzate 
vas analyzed, and the galacturonic acid was separated in the form of 

e calcium, sodium calcium, or sodium strontium salt. These 
ubstances were prepared under strictly comparable conditions in 
der to ascertain their relative merits for the separation of galactu- 
onic acid. The results show that sodium strontium galacturonate 
rystallizes from hydrolyzates of beet pulp in the highest yield, but 
ill three salts have value for the separation of galacturonic acid from 
he hydrolyzates of pectic substances. Sodium strontium galacturon- 
te was obtained in the amount of 250 g/kilogram of dried beet pulp. 
In addition to galacturonic acid, the beet pulp hydrolyzate con- 
ined substantial quantities of acetic acid and t-arabinose. In a 
ommercial process the acetic acid might be reclaimed by distillation 
id the t-arabinose might be separated from the mother liquor 
tained after crystallization of the galacturonate. The feasib wd 
i separating L~arabinose was shown by the preparation of the crystal- 
ine sugar from the liquor in yield corresponding to 62 g/kg of dried 
pulp (see p. 397). It is of interest to note in this connection that 
arabinose was originally prepared from beet pulp, and that this 
Dried beat pulp was studied because the work was conducted at some distance from the source of supply, 
coe periods when the fresh pulp was not available. On account of the high temperatures employed bs 
i ron, the bebsvior of Sled risk eaue nen be cottotin eademenabte te thet of fresh sh oulp. Ins pn oh 
ry Oo end be employed, with e preliminary best treatment to feellitate dissolution, and 
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Ficure 1.—Analytical data for hydrolyzates from beet pulp treated with vari 
"> quantities of a pectic enzyme. 

I. 5.0 g of Pectinol plus 50 g of pulp plus 500 ml of water at 35°C. IT. 2.5 g of Pectinol plus 50 A 
plus 500 ml of water at 35°C. III. 1.5 g of Pectinol plus 50g ies | plus 500 ml of water at 35° C. IV. 0. 
J PB poowred ary 50 s of pulp plus 500 ml of water at 35°C. V. 0.25 g of Pectinol plus 50 g of pulp plus # 

water ai . 





Galacturonates from Beet Pulp 393 


material is still considered to be one of the best sources of 
srabinose [12]. 


ll. ENZYMATIC HYDROLYSIS OF BEET PULP DURING 
THE SILOING PROCESS 


During the storage of beet pulp in silos, there sometimes occurs 
considerable liquefaction of the pulp; this condition has been observed 
frequently in certain districts, in others rarely. It seemed possible 
that the liquetectibia of the pulp in the silos might have been caused 
by enzymes generated by micro-organisms similar to the mold isolated 
iy Ehrlich, and that silage drainage liquor might provide a source of 
galacturonic acid. An analysis of a sample of silage drainage liquor, 
», 399, showed the presence of substantial quantities of galacturonic 
acid and arabinose. However, the low copper-reduction value of the 
silage drainage liquor indicates that a considerable part of the galac- 
uronic acid and arabinose was not in the free state, and hence it 
sppears that hydrolysis of the original pectic substance was only 
partially complete. Presumably the liquor contained soluble pectins 
and pentosans, together with free galacturonic acid. Neutralization 
of the liquor with a mixture of sodium bicarbonate and strontium 
arbonate in equimolecular proportions gave a solution which, on 
ncentration, yielded crystalline sodium strontium galacturonate. 

he occurrence of galacturonic acid in the silage drainage liquor is 
noteworthy because the organisms in the silo might have utilized the 
rilacturonic acid to form lower acids and other degradation products. 
mUndoubtedly, under more favorable conditions, the hydrolysis in the 

7 sont be effected more completely and with larger yields of galactu- 
onic acid. 


IV. POSSIBLE SOURCES OF PECTIC ENZYMES 


These studies suggest the Tt of developing a method for 


btaining galacturonic acid from pectic substances by inoculating 
eh beet pulp with organisms known to yield protopectinase and 
ectinase. The enzyme could be brought in contact with the pulp 
by percolation of water through the mold growth which forms on top 
{the silo. However, a batch process, such as that used in the malt- 
ng of grain, might prove more practicable. 

Since pectic enzymes are produced in the growth of numerous molds, 
ind occur in the culture media, it seems possible that the enzymes 
ould be obtained economically as byproducts of certain industries. 
ossible sources are the aqueous solution remaining after the sepa- 
ition of penicillin, or the culture media of molds grown for food 


. USE OF PECTIC ENZYMES FOR ANALYTICAL PURPOSES 


The material made soluble by treatment of plant products with 
pectic enzymes constitutes an important group of carbohydrates mark- 
uly different from crude fiber, sugar, or starch. The extensive lique- 
action of beet pulp observed in this investigation suggests the use of 
mzymatic degradation in the analysis of feeds and food products. For 
bonvenience, material made soluble by a definite treatment with a pec- 


ic enzyme preparation could be designated as “pectic enzyme-soluble 
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substances.” Thus an pram of dried beet pulp might include mois 
ture, fat, protein, crude fiber, ash, and pectic enzyme-soluble gy) 
stances. The determination of the pectic enzyme-soluble fractioy ; 
suggested in place of the fraction ordinarily designated. “nitrogen-frp 
extract,” since the latter is open to serious objection. (Seep. 10 of (13), 
The determination of the pectic-enzyme soluble fractions of repy 
sentative samples of the more common vegetables and fruits woy\ 
constitute a worthwhile project. 


VI. EXPERIMENTAL DETAILS 
1. MATERIALS 


The dried beet pulp used was kindly supplied by the Great Wester 
Sugar Co. Most of the work was conducted on a sample of dried pul 
from Bayard, Nebr., the label of which carried the following data: 


Crude sroueen, OG tees Ween gcc cba cunctddeue 7. 0% 
ny nn, SE I Oe ne oe 0. 3% 
Crude fiber, not more than. -.............-------.----- 22. 5% 
Nitrogen-free extract, not less than. __....-_--.------..- 48. 0% 


(composed only of residue of sugar beets dried after ex- 
traction of sugar). 
Before use, the pulp was extracted with water in a conical perc 
lator until the wash water gave no test for pon The pulp was ther 
air-dried for a period of several weeks, after which time it gave the fol 


lowing analytical data: 
Sees Ueto Ae Ta ot Re 8.21% 
Ais 5565 ee tbe dob ibd. soi cele 2.77% 
Galacturonic acid, (CO, method)..__....._._.----__--_ 26. 0% 
IIS go ENG eins cruise aie nwi Won CR 22.2% 


The silage drainage, likewise supplied by the Great Western Sug: 
Co., was obtained from a silo showing excessive loss due to liquefaction 
The sample was taken at Loveland, Colo., in February 1943. It wa 
protected from mold growth by the addition of toluene and stored in 
refrigerator until analyzed. 

The enzyme used here, Pectinol-46AP, was purchased from Rohn 
and Haas, Philadelphia, Pa. It had been standardized by the man 
facturer to an activity arbitrarily designated 100D. 


2. ANALYTICAL METHODS 
(a) SOLIDS 


The total solids in the hydrolyzate were determined by drying 
a 5-ml sample on pure quartz sand to constant weight in a vacuut 
oven at 60° C and a pressure of approximately 5 mm. A highe 
temperature was not used because of the instability of galacturoni 
acid. 

(b) VOLATILE ACIDS 


Volatile acids were determined by steam (distillation, and titratiot 
of the distillate with standard alkali, as described on p. 167 of [14]. 


(c) COPPER-REDUCING SUBSTANCES 


The copper-reduction values were determined on neutralize 
samples of the hydrolyzate by a modified Scales method [15]. 5e 
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\cismouse of the slowness with which galacturonic acid reacts, it was 
submmmbecessary to increase the boiling time to 10 minutes. Factors were 
n i@metermined for a mixture of galacturonic acid and arabinose in the 
fredimroportion in which they were found in the hydrolyzate. Presumably 
3].Mmbe solutions contained galactose in addition to galacturonic acid and 
Drefimmrabinose; the galactose factor, however,¥does not differ widely from 
uldiithe factor (1.25 mg/ml of 0.04 N iodine) determined for the mixtures. 
Hence, the value 1.25 was used in estimating the quantity of reducing 


ubstances. 
| (4) GALACTURONIC ACID 


The substance was determined by the method of Lefévre and 
ollens [16], essentially as described by Ehrlich, p. 1661 of [7]. 


vuly (e) FURFURAL 


The determination was made by the procedure described on p. 362 
f [14]. 






























(f) ARABINOSE 


The amount of arabinose in the hydrolyzate was calculated by the 
nethod of Ehrlich and Schubert [17]. Both galacturonic nal and 
abinose yield furfural when heated with 12-percent hydrochloric 
id. By subtracting the amount of furfural mee gra equivalent 
» the galacturonic acid (weight of galacturonic acid divided by 2.64) 
rom the weight of phloroglucide found, the amount of phloroglucide 
roduced from the arabinose was ascertained; by use of Kréber’s 
ible (p. 686 of [14]) the corresponding weight of arabinose was found. 
o establish the identity of the pentose responsible for the production 
i furfural, crystalline t-arabinose was separated from the hydroly- 
utes as described on p. 397. 


(g) GALACTOSE 


The difference between the copper-reducing substances and the sum 
if galacturonic acid and arabinose was taken to be galactose, a sub- 
tance which Ehrlich and Sommerfeld reported to be a constituent of 
he pectic acid prepared from beet pulp [18]. 


3. INVESTIGATION OF DRIED BEET PULP 
(a) EFFECT OF CONCENTRATION OF ENZYME 


In order to ascertain the quantity of enzyme required to effect 
itisfactory hydrolysis of dried beet pulp, samples of the pulp were 
teated with various quantities of Pectinol, and the amount of hydrol- 
sis was followed by the determination of soluble solids, reducing 
ugar, and free acid. Each hydrolysis mixture was prepared by the 
idition of Pectinol to 50 ¢ of beet pulp in 500 ml of water contained 
ha 1-liter plese sopeee Erlenmeyer flask. Mold growth was in- 
ubited by the addition of 10 ml of toluene, and the flasks were main- 
ned at a temperature of 35° C for 2 weeks. From time to time 
ci ngaonra he samples of the reaction mixtures were withdrawn and 
luble solids, copper-reducing substances, and free acid were de- 
‘mined on the filtered tee we gc The results are shown in 
igure 1. The curves reveal that even with large quantities of the 
zyme, hydrolytic reactions take place over a period of at least 2 
eks and that the extent of hydrolysis increases with increasing 
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amounts of enzyme. Because of the heterogeneous nature of the be 
pulp-enzyme mixture and the complex character of the reaction; 
quantitative interpretation of the data has not been includ 
Measurements were not made with mixtures containing more thay 
part of enzyme to 10 parts of beet pulp. 


(b) PROPERTIES AND COMPOSITION OF THE HYDROLYZATE 


To study the properties and composition of the hydrolyzate mo 
closely, a mixture of 1 kg of dried beet pulp, 100 g of Pectinol, 10 lita 
of water, and 100 ml of toluene was Mowe to stand at 35° C, w 
occasional stirring. After 10 mH the mixture was filtered through 
Biichner funnel and the material on the funnel was washed with }, 
water and dried. It weighed 378 g, which, after allowance for 
insoluble portion of the Pectinol (63 g), gave a weight of 315 g fort] 
insoluble residue of the beet pulp. The filtrate and washings we 
combined and used for analysis (table 1). The sum of moisture in tj 
original pulp (82 g), insoluble residue of the hydrolyzate (315 g), a 


» a 






















soluble solids in the hydrolyzate (560 g) is only 957 g. The differen (2 

from the weight of the original pulp is 43 é —— Volatiam™ fron 

substances such as acetic acid and methyl alcohol. The volatile ac -ciun 

actually determined was 0.60 equivalent, or, expressed as acetic aci@™ usec 

36 g. tain 

TaBLE 1.—Analysis of the filtered hydrolyzate * cror 

perc 

Optical rotation, °S in a 2-dm tube- ------ *23. 6 was 

Refractive index, Np*_...........-..---- *1. 3427 the 

ROGNT DE id in wi acnndennsdsund wii dens *3.4 ® stro 
NN EE LEE TE RN 560 g 

© seimnt Ribas wit Sited ect Mie ig stapled St 32.2 ¢ Tesp 

0 SP ME LET TE EAS 4.86 ¢ zate 

EGS SSIES GS eR REESE od SSN i a pm 3. 15 salt 

Volatile eae... coe eI RAO. 0. 60 equivalent (: 

WOU MON i c's sic na bhdis BS, aE NE Pipe 1. 05 equivalent t 

Copper-reducing substances (modified Tat 

Henles method). «soi. ce siwiuiwcu-i 488 g Tea 

Galacturonic acid (CO, method)_.._..___- 236 g due 

Arabinose » (furfural method)--_.......--- 214 g calc 

Galactose (by difference)._.........----- 38 g cry: 

whe 

*All values, except those marked with the asterisk, are based on the total hydrolyzate from 1 kg of was 

— pulp containing 8.2 percent of moisture. The volume of the hydrolyzate and wash liquor 9 The 


bA sample of the hydrolyzate corresponding to 1 g of beet pulp gave 0.2783 g of furfural phloroglucide 
the method of p. 362 of [14]. Presumably, 0.0894 g of the phloroglucide was derived from the galacturol of t 


acid. The remainder, 0.1889 g corresponds to 0.214 g of arabinose or to 0.172 g of pentosans. the 
(©) SEPARATION OF CARBOHYDRATE CONSTITUENTS FROM THE HYDROLYZ\im hy 

: . . . el 
_ One kilogram of dried beet pulp was treated with 100 g of Pectin Me 
in 10 liters of water in the manner previously described. The anal 
ses of the filtered hydrolyzate showed the presence of 220 g of gum ya: 
acturonic acid and of 1.16 equivalents of free acid. The liquor way ,, 
divided into portions, from which were prepared sodium calc pre 
galacturonate, sodium strontium galacturonate, and calcium gal@ «.. 
turonate, respectively. The mother liquor from the preparation @® };, 


sodium strontium galacturonate was used for the preparation 
arabinose. 
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(1) Sodium calcium galacturonate.—One-third of the hydrolyzate 
described above was digested with 12.8 g of calcium carbonate at 
70° C. When reaction was conan 10.8 g of sodium bicarbonate was 
added, and the solution was filtered and evaporated under reduced 
pressure to @& volume of 500 ml. The solution was seeded with 
crystalline sodium calcium galacturonate and allowed to stand in 
refrigerator until crystallization was complete. The resulting crystals 
were collected on a filter, washed with a little cold water, and dried. 
The product weighed 68.5 g and was substantially pure sodium cal- 
cum galacturonate. The mother liquor was saturated with ethyl 
alcohol, and after 1 day, the resulting crystals (7.0 g) were separated. 
The yield of sodium calcium galacturonate in the first crop was 20.6 
percent of the weight of the dry beet pulp, or 72.5 percent of the salt 
theoretically obtainable from the galacturonic acid in the hydrolyzate. 
The total yield (75.5 g) which was 22.7 percent of the weight of 
the pulp, corresponds to 79.9 percent of the galacturonate acid in 
the hydrolyzate. 

(2) Sodium strontium galacturonate.—This substance was prepared 
from one-third of the hydrolyzate in the same manner as sodium cal- 


dum galacturonate, except that 18.8 g of strontium carbonate was 


used in place of the calcium carbonate. The crop of crystals ob- 
tained directly from the aqueous solution weighed 77.7 g; a second 
crop obtained from the mother liquor by the addition of 50 ml of 95- 
percent ethyl alcohol weighed 7.2 g. The yield from aqueous solution 
was 23.3 percent of the dry pulp, corresponding to 77.3 percent of 
the galacturonic acid in the hydrolyzate. The total yield of sodium 
strontium galacturonate (84.9 g) was 25.5 percent of the pulp, cor- 
responding to 84.5 percent of the galacturonic acid in the hydrol - 
zate. The mother liquor that remained after crystallization of the 
salt was used for the preparation of t-arabinose. 

(3) Caleium galacturonate—The remaining third of the hydroly- 
zate was digested at 70° C with 19.1 g of calcium carbonate until 
reaction was complete, and the solution was concentrated under re- 
duced pressure to a volume of 500 ml. It was seeded with crystalline 
calcium galacturonate and allowed to stand in a refrigerator until 
crystallization was complete. The crystals of calcium galacturonate, 
when separated and air-dried, weighed 25 g. A second crop of 10 
was obtained by saturation of the mother liquor with ethyl alcohol. 
The yield of calcium galacturonate in the first crop was 7.5 percent 
of the weight of the dry beet pulp and corresponds to 29.8 percent of 
the salt theoretically obtainable from the galacturonic acid in the 
hydrolyzate. The total yield of the salt was 10.5 percent of the 
bi ge of the pulp, and corresponds to 41.7 percent of the galacturonic 
acid in the hydrolyzate. . 

(4) t-Arabinose.—Although beet pulp has been used for the prepa- 
ration of arabinose [12], higher yields are obtained from cherry gum [19] 
or from mesquite gum [20]. The process described here for the 
preparation of galacturonic acid from beet pulp hydrolyzates yields 
sirupy residues suitable for the preparation of arabinose. The ara- 
binose may be separated by essentially the same method as that 
previously used for the separation of arabinose from the hydrolyzates 
of cherry gum or of mesquite gum. 
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The mother liquor from the preparation of sodium strontiy, 
galacturonate was evaporated under reduced pressure to a thick 
sirup. This was extracted with three 500-ml portions of hot 95. 
percent ethyl alcohol. The combined extracts were cooled to room 
temperature and filtered after the addition of 25 g of a decolorizin 
carbon. The alcoholic solution was evaporated to 150 ml, diluted 
with 50 ml of glacial acetic acid, and seeded with crystalline 1-ara}j. 
nose. After 3 days, the crystals, which formed, were collected oy 
a filter, washed with 30 ml of acetic acid in four portions, and dried 
The crystalline arabinose so obtained weighed 22.0 g and gave an 
equilibrium specific rotation of +98.4°. Since pure t-arabinose has 
an equilibrium specific rotation of +104°, the purity of the crude 
product is 94.6 percent, and the yield of pure arabinose corresponds 
to 62.4 g/kg of dried beet pulp, or 29 percent of the amount in the 
hydrolyzate. The low yield suggests that part of the arabinos 
was present as arabans. 


4. INVESTIGATION OF SILAGE DRAINAGE LIQUOR 


From the analysis of the silage drainage liquor reported in table 2, 
it will be noted that the liquor gave carbon dioxide equivalent to 
10.7 g of galacturonic acid per liter and furfural equivalent to 11.5 
g of arabinose, or 9.2 g of pentosans. The copper-reducing substances, 

owever, were only 6.1 g per liter. These results indicate that the 
galacturonic acid is present in part in the form of soluble pectins 
and the arabinose in the form of arabans. The presence of some free 
galacturonic acid was shown by the separation of crystalline sodium 
strontium galacturonate in the following manner: 

Eighteen liters of the liquor was digested with 50 g of strontium 
carbonate at 70° C. When reaction was complete, 30 g of sodium 
bicarbonate was added. The mixture was filtered with the aid of 
a decolorizing carbon, and the filtrate was concentrated in a vacuum 
still to a volume of 1 liter. The solution was seeded with crystalline 
sodium strontium galacturonate and allowed to stand in the refrigerator 
for several days. The crystals, which separated, were collected on 
a filter, washed with a small quantity of water, and finally dried. 
The product weighed 31 g, and a second crop of 6.8 g was obtained 
by the addition of sloobal to the mother liquor. The crude salt was 
recrystallized twice from hot water and identified as sodium strontium 
galacturonate by its optical rotation and by a mixed solubility 
determination with authentic sodium strontium galacturonate. The 
yield of sodium strontium galacturonate from the silage drainage 
corresponds to 14.3 percent of the galacturonic acid found by analysis. 
Although the yield is low, the separation of the crystalline salt from 
the silage drainage, without involved purification steps, demonstrates 
the possibility of obtaining galacturonic acid from beet pulp through 
the action of enzymes produced by organisms grown on the pulp. 
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Galacturonates from Beet Pulp 


TaBLeE 2.—Analysis of silage drainage liquor 








Refractive index, N,” 
Acidity, pH 3.5. 
Soluble solids 31.2 g/liter. 
1.9 g/liter. 
0.153 equivalent 
per liter. 
0.173 equivalent 
per liter. 
oes substances 6.1 g/liter. 
Galacturonic acid 10.7 g/liter. 
Pentosans * 9.2 g/liter. 





+A 10-milliter sample of the silage drainage ee 0.1391 g of furfural phloroglucide, of which 0.0405 g was 
pocnenty derived from the galacturonic acid. The remainder corresponds to 0.115 g of arabinose or to 
0,082 g of pentosans. 


VII. SUMMARY 


Treatment of certain samples of dried beet pulp with a commercial 
pectic enzyme caused hydrolysis of the original pectic substances, and 
the dissolution of about 65 perce’ of the dry substance. The 
hydrolyzate from 1 kg of dried pulp contained appoximately 236 g 
of galacturonic acid, 214 g of arabinose, 38 g of galactose, and 36 
ofacetic acid. The galacturonic acid in the hydrolyzate was separat 
as calcium galacturonate in 42-percent yield, as sodium calcium 
galacturonate in 80-percent yield, and as sodium strontium galactu- 
ronate in 85-percent yield. The mother liquor from the preparation 
of sodium strontium galacturonate gave L-arabinose in 29-percent 
yield. Because of exceptionally good crystallizing properties, sodium 
strontium galacturonate appears to be the most suitable salt for the 
separation of galacturonic acid from the hydrolyzates of plant 
materials, 

It was found that the drainage liquor from a beet pulp silo in which 
there had bean excessive liquefaction contained approximately 10 g of 
galacturonic acid per liter and that part of this material could be 
reclaimed in the form of sodium strontium galacturonate without the 
use of a commercial enzyme. The separation of a salt of galacturonic 
acid from the drainage liquor ge pa the possibility of developing a 
process in which hydrolysis is effected by organisms grown in the 
moist beet pulp. It is also suggested that the aqueous solutions which 
remain after the separation of penicillin, or the culture media of 
molds grown for food purposes may ultimately provide a source of 
— enzymes for use in the preparation of galacturonic acid from 
eet pulp or other pectic substances. 


The authors express their appreciation to S. J. Osborn, of the Great 
Western Sugar Co., for his cooperation in providing the samples of 
beet pulp and silage drainage liquor used in the investigation, and to 
Nancy Holt, of this Bureau, for her assistance in the analytical work. 
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REPARATION OF SODIUM STRONTIUM GALACTURONATE 
FROM CITRUS PRODUCTS 


By Harriet L. Frush and Horace S. Isbell 


ABSTRACT 


The present paper describes the convenient separation of galacturonic acid in 
form of sodium strontium galacturonate from the hydrolyzates of citrus 

oducts, namely pectic acid, pectin, and the peel of oranges and of grapefruit. 

he methods are suitable for the preparation of large or small quantities of the salt, 

dit is believed that the preparation from pectic acid is commercially practicable. 

Sodium strontium galacturonate is obtained from pectic acid in about 90-percent . 
id without the use of alcohol or other organic solvent. By treatment of the salt 4 
han equivalent quantity of aqueous sulfuric acid, a solution is obtained from 

hich about 65 percent of the galacturonic acid may be crystallized in one crop, 

bstantially pure. Additional crops obtained by the use of an organic solvent 

ake the yield nearly quantitative. 

Pectin is not quite so satisfactory in the process as pectic acid, but because of 

seducational value, the preparation of sodium strontium galacturonate from 

etin might be included in a course of laboratory instruction to demonstrate the 

sence of galacturonic acid in pectic substances. Both orange peel and grape- 

it peel may be used for the preparation of sodium strontium galacturonate, 

it the industrial use of these materials does not seem feasible at present on 

ae of the large quantities of relatively expensive enzyme required for 

ydrolysis. 
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"I. INTRODUCTION 


The possibility of preparing vitamin.C from galacturonates [1]! 
tikes important the examination of various methods and raw ma- 
nals for the production of salts of galacturonic acid. In previous 
pers from this laboratory it has been shown that galacturonic acid 
1 be separated directly from the hydrolyzates of pectic substances 
ithe form of certain new salts, particularly calcium galacturonate, 
dium calcium galacturonate and sodium strontium galacturonate 
|. Some of the studies on the preparation of galacturonic acid have 
tn conducted on hydrolyzates of beet pulp [3]. In the course of 
le work it was found that sodium strontium galacturonate crystal- 
‘Figures in brackets indicate the literature references at the end of this paper. 
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lizes from crude hydrolyzates in higher yield than the other afonmmo™: 
mentioned salts. The present paper describes the convenient sepanjampé ¥ 
tion of galacturonic acid in the form of sodium strontium galacturonaimull 
from the hydrolyzates of citrus products, namely, pectic acid, pectiy 
and the peel of oranges and of grapefruit. The methods are suita}j 
for the preparation of large or small quantities of the salt, and jt 
believed that the process described here is commercially practicabj 

The use of pectic acid for the preparation of galacturonic acid yw; 
studied by Ehrlich [4] and by Link and coworkers [5]. Mottern ap 
Cole [6] improved the process by employing a commercial pectic enzyy 
for the hydrolysis of Boge acid, and Rietz and Maclay [7]'shows 
that the method was applicable to the preparation of galacturon; 
acid from pectin. In the preparation of sodium strontium galactur 
nate reported here, pectic acid is the most convenient raw materi 
for laboratory use, and the most economical at the present price of th 
commercial enzyme. Pectin is not quite so satisfactory in the proces 
as pectic acid; however, the preparation of sodium strontium galas 
turonate from citrus pectin is described, because its educational val 
and simplicity are such that it might well be included in a course, 
laboratory instruction to demonstrate the presence of galacturonic aci 
as a constitutent of pectic substances. 

Both orange peel and grapefruit peel may be used for the preparatio 
of crystalline sodium strontium galacturonate. Although a con 
siderable part of the residues from oranges and lemons is used indug 
trially in the preparation of pectin, the residues from grapefruit hay 
at present little use, aside from a small portion, from which naringin 
the bitter glycoside of the peel, is extracted [8]. The convenien 
preparation of sodium strontium — from grapefruit ped 
is therefore significant in that it indicates a possible use for this was 
product. The hydrolysis of the citrus fruit residues requires a some 
what larger amount of the enzyme than the hydrolysis of purifie 
pectic acid or pectin. Hence the practicability of the direct utiliz 
tion of the residues depends upon the cost of the enzyme in lay 
quantities, a factor unknown at present. As mentioned in connectiot 
with the utilization of beet pulp [3], the culture media from moll 
grown for the production of penicillin or other substances may ulti 
mately provide an inexpensive source of pectic enzymes. 


II. EXPERIMENTAL PROCEDURE 


1. PREPARATION OF SODIUM STRONTIUM GALACTURONATE FRO 
PECTIC ACID 


The pectic acid used in the present investigation was purchase 
from the California Fruit Growers’ Exchange, Ontario, Calif. | 
contained 98 percent of galacturonic acid as determined by the carbon 
dioxide method [9], but analyses of material purchased at vari 
times have differed considerably. The method given here is suitabl 
for a pectic acid having a galacturonic acid content of 95 percent 0 
above. For a pectic acid of lower galacturonic acid content, 
amounts of sodium bicarbonate and strontium carbonate should b 
proportionately adjusted. 

A dry mixture aay of 1,000 g of pectic acid, 150 g of sodium 
bicarbonate, and 100 g of Pectinol-46AP? was added in small po 


? The pectic enzyme is manufactured by Rohm and Haas, Philadelphia, who have standardized it b 
dilution with diatomaceous earth to an activity arbitrarily designated 100D. 
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ws, With continuous stirring, to 10 liters of water. Excessive foam- 
w was prevented by the addition of a commercial antifoam agent. 
wiicient toluene was added to cover the surface of the liquid, and 
o mixture was allowed to stand at 40° C. After 1 day, 125 g of 
yontium carbonate was added in portions, and the mixture was 
ded with crystals of sodium strontium galacturonate. During the 
siod of hydrolysis the salt crystallized from the hydrolyzate. ter 
total of 9 days, an additional quantity of 125 g of strontium car- 
mate was added, and the mixture was allowed to stand in the 
efrigerator for a day.’ The salt was then separated by filtration, 
mashed with cold water and dried. The crude product weighed 
300 g and contained 128 g of water-insoluble material. To crystal- 
sthe sodium strontium galacturonate in the filtrate, 25 g of stron- 
ium acetate was added and the solution was evaporated under 
duced pressure at a temperature below 50° C to a volume of about 
0 ml. The concentrated solution was allowed to stand for 1 day 
» the refrigerator and the crystals which formed (152 g) were sepa- 
ted by filtration. An additional quantity of 54 g was obtained by 
mcentration of the mother liquor. The three crops of crude sodium 
trontium galacturonate were combined and recrystallized by dis- 
ving the salt in 12 liters of boiling water, filtering the hot solution 
ith the aid of a decolorizing py and allowing the mixture to 
ol. The crystals which formed were separated, washed with cold 
ater, and dried. ‘The filtrate was concentrated in a vacuum still, 
nd additional crystals were thus obtained. The yield of sodium 
ontium galacturonate, Na Sr(C,H,O;),6H,O, obtained without the 
ise of an organic solvent, was 1,190 g, or 88.6 percent of the galactu- 
mic acid content of the pectic acid used. 

The mother liquor from the first crop of crude sodium strontium 
nlacturonate contains the residual pectic enzymes and may be used 
or the preparation of additional salt without the use of a new supply 
Mf the enzyme preparation. In an expermient similar to that just 
lescribed, the solution which remained after separation of 1,085 g of 
dium strontium galacturonate from the hydrolyzate of 1 kg of pectic 
id was mixed with a second kilogram of pectic acid and 150g of 
dium bicarbonate. The mixture was allowed to stand, with oc- 
usional stirring, at 40°C. After 2 days, 125 g of strontium carbonate 
as added, and after a total of 10 days, an additional quantity of 125 g. 
The mixture was placed in a refrigerator for 1 day, and the crystals, 
hich formed, were separated, vada with cold water, and air-dried. 
They weighed 1,400 g. Thus the total yield of sodium strontium 
fulacturonate obtained from 2 kg of pectic acid without an evaporation 
tep, or the addition of a second quantity of enzyme, was 2,485 g, or 
.) percent of the galacturonic acid content of the pectic acid used. 
When additional pectic acid and sodium bicarbonate were added to the 
nother liquor, hydrolysis of the pectic acid was very slow, and it thus 
bppeared that the enzyme had become more or less inactive. Upon 
le addition of a second quantity of Pectinol (50 g), the hydrolysis 
moceeded as before. Strontium carbonate was added as in the pre- 
Nous hydrolysis, and the resulting sodium strontium galacturonate 
is separated. Although in continuous operation the enzyme loses 
sactivity and the impurities accumulate in the mother liquor, the 
tystallizing properties of sodium strontium tan are such 
lat the process may be continued for a considerable period before it 
Shecessary to discard the mother liquors. 
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2. PREPARATION OF SODIUM STRONTIUM GALACTURONATE Fro 
CITRUS PECTIN 


A mixture of 10 § of dry citrus pectin,’ 1.25 g of sodium bicarbonaj 
and 1 g of Pectinol was added in portions with stirring to 100 | 
water contained in a 200-ml Erlenmeyer flask. The mixture y, 
protected from mold growth by the addition of 5 ml of toluene a, 
allowed to stand in a warm place (25° to 40° C). After 1 week, 4 
mixture was neutralized by the addition of strontium carbonate (3 
and heated to boiling to insure complete solution of the product. 
hot solution was filtered with the aid of about 1 g of diatomaceoy 
earth. The filtrate was concentrated in a vacuum still, at a tempg 
ature below 50° C, to a volume of about 30 ml and was then key 
overnight in the refrigerator. The crystals of sodium strontiy 
galacturonate, which formed, were collected on a filter, washed wif 
cold water, and dried. The product obtained from 10 g of city 
pectin weighed 8.7 g, corresponding to approximately 75 percent 
the galacturonic acid content of the pectin.‘ 


.3. PREPARATION OF SODIUM STRONTIUM GALACTURONATE FRO 
ORANGE PEEL 


The peels from Florida oranges were coarsely ground, and washe 
with cold water to remove the ‘water-soluble constituents. Ti 
washed, moist peel contained 71.3 g of galacturonic acid per kilogran 
as determined by the CO, method. One kilogram of the moist pe 
was heated to boiling with 2 liters of water, and the mixture was the 
cooled to 40° C. After the addition of 50 g of Pectinol and 20 ml 
toluene, the mixture was kept at a temperature of 40° C and stirrd 
occasionally. In the course of the first day, the acidity increased { 
about pH 3.2 and then remained substantially constant for the x 
mainder of the hydrolysis period. Since this value does not diffe 
widely from the optimum for the enzyme, no adjustment of acidit 
was made. After 7 days, the material was transferred to a filter, an 
the hydrolyzate was separated from the residue.® 

An analysis of the hydrolyzate gave the following results:® 


Soluble solidas — bicwes ice neers aswds 131 g/kg of moist peel. 

Volatile acid_______- SE Sy Basra 0. ind equivalent/kg of moist 
peel. 

Weee Cie tor ee Be EI 0. 338 equivalent/kg of moist 
peel. 

Copper-reducing substances-__-_--_-__-- 115 g/kg of moist peel. 

Galacturonic acid (CO, method) -.-__- 64. 3 g/kg of moist peel. 

Pa as ro aa est os A A es el 28 g/kg of moist peel. 


The hydrolyzate from 1 kg of orange peel, containing 64.3 g of gala 
turonic acid, was heated to boiling, and treated with 16.4 g of strontiul 
carbonate. After the strontium carbonate had reacted, the solutio 
was cooled, and 9.3 g of sodium bicarbonate was added. . The solutio 
was acidified with acetic acid, and filtered with the aid of a decolor 


3 The sample of pectin contained 84 percent of galacturonic acid by analysis. After the first day, 1 
acidity of the mixture should be within the pH range 3.5 to 4.5. With most pectins, the proportions givé 
here are satisfactory. 

4 For student instruction, the presence of the  prlociewemate radical may be readily demonstrated by t 
following reaction discovered by Ehrlich [10]: A few milligrams of the salt, dissolved in 2 ml of water, 
treated with 5 ml of a saturated solution of basic lead acetate. A white precipitate forms, which is solu) 
in an excess of the reagent. When the solution is boiled, the precipitate becomes orange, and finally brid 


5 The addition of the poctie enzyme to citrus fruit residues causes a softening or degraclation of the & 
walls, which facilitates the separation of the oil in the peels. Although removal of the oil is not neces 
in the ogee of sodium jstrontium galacturonate, it may nevertheless be adveptacoom to sep 
it prior to filtration, or to use as a raw material, citrus fruit residues from which the oil has removed. 
¢ The analytical methods are described in [3]. 
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: FROME ing carbon.{}The filtrate was concentrated in a vacuum still at 40° C 
to a,volume of 110 ml. During the evaporation, crystals of sodium 


bona strontium galacturonate formed. The material was allowed to 
) inl] stand overnight in a sry. peotei and the salt was then collected on a 
“Im filter, washed with a small quantity of cold water, and dried. The 


product, substantially pure sodium strontium galacturonate, weighed 
58.8 g. The amount corresponds to a yield of 66.7 percent, based on 
the galacturonic acid content of the hydrolyzate. 


4, PREPARATION OF SODIUM STRONTIUM GALACTURONATE FROM 
GRAPEFRUIT PEEL 


The peel of thick-skinned, seedless western prpstruth was coarsely 

und in a food chopper and thoroughly washed in a bag suspended 
or 18 hours in running water. The moist, washed peel, containing 
12.7 percent of solids, was heated to boiling with 2 parts of water. 
The mixture was cooled, treated with one-twentieth part of Pectinol i 
and a small quantity of toluene, and allowed to stand at 40° C. ' 
After 10 days, the material was filtered on a Biichner funnel, and the 
residue was washed with water. The combined filtrate and washings 
were used for analysis and for the preparation of sodium strontium - 
galacturonate. 

An analysis of the hydrolyzate gave the following results: 


CT et ea oe 79 g/kg of moist peel. 

VOMe Mei wc eke aes eee 0. bowl equivalent/kg of moist 
peel. 

Pine agte bs sua rt cassaiiii on 8 0. 172 equivalent/kg of moist 
peel. 

Copper-reducing substances----- -- 62 g/kg of moist peel. 

Galacturonic acid (CO, method)... 44. 9 g/kg of moist peel. 

Kpabinbbes sci AG 26s. us 2S 11 g/kg of moist peel. 


The hydrolyzate corresponding to 1 kg of moist peel was heated 
to boiling and neutralized with 11.5.g of strontium carbonate and 
6.5 g of sodium bicarbonate. By filtration and concentration of the 
solution, 50.2 g of crystalline sodium strontium galacturonate was 
obtained. The amount corresponds to a yield of 81.6 percent, based 
on the galacturonic acid content of the hydrolyzate. 

A similar experiment conducted on the unwashed peel, containing 
19.3 percent of total solids, yielded a hydrolyzate that gave the 
following results: 


Soluble solids... .-.....-.-..._----. 148 g/kg of moist peel. 

Yount Gee es ee Ss 0. ti ica fs of moist 
peel. 

Pree ete. oF oe et ee 0. hl se ae a aad of moist 
peel. 

Copper-reducing substances--_-- --- 136 g/kg of moist peel. 

Galacturonic acid (CO, method)... 29. 8 g/kg of moist peel. 

Arabineeei. 382365. 5 Sk 6 g/kg of moist peel. 







The hydrolyzate corresponding to 1 kg of the moist peel was treated 
with 7.5 g of strontium carbonate and 4.3 g of sodium bicarbonate. 
By concentration of the solution, 15 g of sodium strontium galactu- 
ronate was obtained. This amount corresponds to 36.7 percent of 
the galacturonic acid content of the hydrolyzate. The mother 
liquors contained a large amount of reducing substances which require 
further study. 
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5. PREPARATION OF GALACTURONIC ACID FROM SODIUM 
STRONTIUM GALACTURONATE 


One mole of sodium strontium galacturonate (798.2 g) was adda 
with stirring to 1,500 ml of aqueous 2 N sulfuric acid.” The solutioy 
was filtered to remove the strontium sulfate, and was then concep. 
trated to a volume of 900 ml in a vacuum still at a temperature of 
40°C. The strontium sulfate that separated during the evaporation 
was removed by filtration, and the residue on the filter was washed 
with 100 ml of hot water. The clear filtrate was seeded with crystal. 
line galacturonic acid hydrate and was allowed to cool to room tem. 
perature with constant stirring. After crystallization at room ten. 
perature was substantially complete, the mixture was placed in a re. 
frigerator for 18 hours. The crystals of galacturonic acid hydrate 
which formed were collected on a filter and washed with ice water. 
The crop of galacturonic acid monohydrate, obtained without the 
use of an organic solvent, weighed 407 g and was substantially pure. 
The mother liquor was concentrated in a vacuum still to a volume of 
400 rfl and was then diluted with 1 liter of methyl alcohol. The 
alcohol was added portion-wise over the space of several hours in 
order to facilitate crystallization of sodium sulfate. Crystallization 
was induced by seeding with Na,SO,.10H,0. The salt was separated 
by filtration, washed with methyl alcohol, and discarded. The alcohol 
filtrate and wash liquor were transferred to a vacuum still and the 
methyl alcohol was recovered. The sirupy residue (200 ml) from the 
still was seeded with galacturonic acid hydrate, and the crystals 
which formed in the course of 1 day were separated by filtration. By 
concentrating the mother liquor, additional material was obtained. 
The total yield of crystalline galacturonic acid was 607 g, or 954 
percent of the theoretical. The acid may be recrystallized readily 
from water or from aqueous acetic acid, as described in a previous 
publication [11]. The yield of crystalline acid obtained from the 
sodium strontium salt is considerably higher than that reported by 
Link and Nedden from barium galacturonate [5(b)]. 
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? For satisfactory results an excess of sulfuric acid must be avoided; a small excess of the salt is not 
objectionable. 
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